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This investigation is concerned with primary variations in 
the silver content of gold which occurs in hydrothermal deposits/ 
particularly those of hypothermal character which are found in 
Basement rocks in Southern Rhodesia. The nature of the gold 
produced by a number of different mines has been studied by ref-
erence to production data, and microscope techniques as well as 
gold and mlver assays have been used to det0rmine and to explain 
the variations in gold finene ss . 
The literature does not contain a great deal of information 
which is r el evant to this topic, but an attempt has been made 
here to summarize the more important contributions by different 
writers . From this it emerges that the interpretations given 
by different investigators are in conflict and that paradcxes 
may arise when efforts are made to explain observed variations 
in fineness in terms of certain generalizations which have be-
come entrenched in the literat~e. In part icular, it i s shown 
that f all.ing tempera ture alone cannot account for the occurrence 
of silver-rich gold. in certain deposits. 
The Gwanda district of Southern Rhodesia has been selected 
as a typical gold belt , and the variation in fineness in 150 
producers is described . The deposits are hypothermal in · 
character, · and the average fineness of .the gold is high but var-
iable, but in a small proportion the fineness is low. It is 
shown that the nature of the host rock and the distance of a 
deposit from the granite contact appear to have no influen~e on 
the f ineness of the gold and that there is . no zonal atrangeme~t 
of fineness values. There is a suggestion that diversity of 
mineral species in any particular area may be accompanied by 
r ather wide fluctuations in the gold fineness . 
The variations of fineness in eight typical Southern 
Rhodesian deposits are studied in detail , by analysi s of produc-
tion data, by assaying specimens of the ore and by the examina-
tion of polished specimens of gold-bearing ore . ·Briefer 
(i) 
,. 
reference is made to two other deposits in the territory, and to 
deposits in other countries which appear to bear out the conclu-
sions reached in this section. It emerges that there are two 
factors .which can commonly be correl ated with variations in fine-
ness. The first of these is the grade of the ore: high-grade 
ore generally contains purer gold than low-grade ore. Secondly, 
the textural evidence indicates that gold which separates r el at-
ively early in the paragenesis contains more silver than that 
which is deposited in the final stages of metallization. 
A general survey which draws on the literature as well as 
on the writer's examinations of deposits in the t erritory indic-
ates that, in general, gold which is associated with l ate-stage 
minerals such as tellurides, antimony, bismuth and bismuthinite 
is silver-poor. Gold associated with galena may be either 
silver-rich or silver-poor, whereas gold which is of the same age 
as cha~copyrite or sphalerite is very frequently rich in silver. 
The difficulty which is encountered in establishing the age of 
gold which is intimately associated with pyrite and arsenoP,Yrite 
renders uncertain the correlation between fineness and age of 
gold in these latter cases. There are, however, indications 
that gold which is truly contemporaneous with either pyrite or 
arsenopyrite is silver-rich. 
In the discussion, the objections to the common practice of 
singling out temperature as the most potent factor controlling 
gold fineness are list ed . Chief amongst these objections is 
the fact that gold does not in all deposits increase in fineness 
with increasing depth: examples are quoted where fineness was 
found to decrease as deeper levels of the ore body were exploit-
ed. It is shown that there is no consistent r elationship be-
tween the size of gold grains and their silver content . It is 
the writer's conclusion that in hydrothermal deposits in this 
t erritory the high fineness of the gold is due to increasing 
solubility of silver in the ore fluids in tho l at e states, and 
that where hydrothermal deposits ar8 characterized by gold with 
(ii) 
low average fineness, an unusually large frOportion of tho gold 
has boon deposited early in the paragenotic sequence. In the 
rna j ori ty of hy-pothermal deposits, hoVTever, the bulk of tho gold 
separates l ate in the sequence and the fineness is accordingly 
high. It is believed that the r elationship which exists between 
finenes s and tenor in many deposits is due to protracted crystal-
lization of gold in those portions of the ore body which remain-
ed permeable to the latest stages. These portions of the ore 
body, which represent either valuable ore shoots or ore shoots 
in miniature, are likely to contain gold of variable character, 
but the average silver content vdll be low because a large pro-
portion of the gold is llate 1 gold. The factors which might 
cau~e epithermal gold to have a lower fineness than mesothermal 
or hypothermal gold are briefly discussed. 
Some possible applications of this study are indicated in 
the final chapt~r. It is claimed that records of gold fine-
ness might constitute a valua~e addition to mill records. 
Tentative suggestions are made regarding a method whereby the 
approaching exhaustion of a deposit mi@1t in some cases be pre-
dicted. With r eBard to the origin of the gold in the Witwaters-
rand sediments, it is pointed out that the modified placer hypoth-
esis is not fully equipped to explain certain of the variations 
in the composition of the gold. 
(iii) 
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~TER I 
~HODS OF INVESTIGATION 
-........~. .- -
Some of the terms which are used in the succeeding text have 
been employed by different writers in rather different senses. 
With a view to obviating confusion, the usage of each in this 
paper is now defined. 
In its widest sense, the term gold fineness' implies 
the proportion of pure gold in a gold alloy, usually expressed in 
part s per thousand. In the l aboratory, gold can be made to alloy 
with a number of differen",: EL-ements (see Rose, 1909, pp.37-63), 
but in nature only rarely is any el ement other than silver of any 
importance. However, it is desirable to follow Fisher (1945, 
p.457) in using the qualifying t er m Qyllion fineness for crude 
bullion which may cohtain base metals, for this i s an inexact 
value which may be influenced as much by the methods of mining 
and r ecovery as by primary variations within the orebody. To 
quote a commonplace example, copper detonators used in blasting 
are known to be recover~d in the milling plants, in which case 
the variability of gold content in the bullion is produced art-
ificially. Bullion f ineness has thus not the same geological 
significance as true fineness, defined below, and i s a t erm seldom 
used in this paper. 
True Fineness The true fineness of gold may be defined as the 
proportion of pure gold in the pure gol d-silver alloy, expr essed 
in parts per thousand. The term true fineness of silver may be 
u sed in the same sense. The t erm expresses the composition of 
the alloy, and although it may in fact be a theoretical concept 
i n many ores, being determined by calculation which excludes the 
base metal content, it i s a more exact and consistent figure than 
bullion fineness, and is unaffected by artificially introduced 
base metal . True finene ss is expressed by the value 
1000 Au/(Au + Ag ) and throughout this paper the term true fine-
ness, or simply fineness , i s used in this sense . As mining 
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returns in Southern Rhodesia always record the production of both 
gold and silver from each deposit, the true fineness of the 
bullion is nearly always re~dily available, whereas it may be 
impossible to collect data relating to bullion ~ineness, especially 
in the case of abandoned mines. Thus, in addition to the advan-
tages of greater precision, the use of the true fineness value is 
recommended by the availability of the de.ta. In order to 
determine the true fineness of gold particles in an ore, they 
should be separated by amalgamation with mercury, and the result-
ing amalgam assayed for gold and silver. It is thus possible to 
determine true fineness either from a study of production data, 
or by grinding specimens of ore with mercury in the laboratory. 
QolQ:Silver Ratio This term is used in this paper to express 
the ratio of the total gold in the ore to the total silver, 
irrespective of the mineralogical forms in which each may occur. 
This can properly be determined only by the assay of ore samples, 
but may, in the probably rare cases where gold and silver occur 
only in the form of an alloy of fixed composition, be determined 
from the true fineness of the constituent gold particles. In 
practice it is found more convenient, for purposes of comparison, 
to express the assay data in the form 1000 Au/(Au + Ag). The 
writer proposes to designate this the ~~ent gold fineness, or 
simply, apparent finenes s . This is a useful procedure, for it 
is possible at a glance to compare the fineness of gold particles 
with the proportion of total gold to silver in the ore, and 
hence to estimate the amount of gold or silver occurring in the 
ore in some form other than that r ecoverable by amalgamation. 
Gold recover ed by amalgamation 
or cyanidation is referred to in this paper as amalgam gold or 
cyanide gold r espectively. The f ormer includes all gold rec~er­
ed by amalgamat ion with mercury, whet her by amalganution in the 
mortar-boxes of stamp mills , by plate amalgamation, or by barrel 
amalgamation of concentrates. The term is synonymous with 1mill 
gol d 1 • Likewise, cyanide gold implies gold r ecover ed by 
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cyanidation of crushed or uncrushed ores, and cyanidatlon of 
sands, slimes or concentrates4 
Grade, or tenor of an ore body, is expressed 
in pennyweights per ton (dwt,/ton) where 20 dwt, make 1 troy 
ounce, and where 1 ton equals 2,000 pounds. In these units, 
1 dwt./ton is equivalent to ~00017 per cent by 'W"light, and 1 
oz./ton is equivalent to .00343 per cent. 
~THODS OF INVESTIGATION_ 
Production Data 
The study of production data is the most effective method 
of assessing gold fineness. However, care is r equired in the 
interpretation, for the fineness of gold produced may be greatly 
influenced by the metallurgical processes employed, and even 
where extraction methods are of the simplest, a knowledge of the 
mineralogy of the ore is essential, Some of the factors which 
L~fluence the fineness of r ecover ed gold are briefly discussed 
below. 
Q.old Fineness in Relati on t o the Methods of Recovery 
(i) Recovery by Amalgamation 
The fineness of gold recovered by amalgamation will 
generally reflect the average fineness of gold particles in an 
ore, while in smaller samples the fineness can be determined by 
grinding the sample with mercury by hand. Amalgamation reflects 
the fineness accurately only when gold and silv~ occur in the ore 
only as an alloy, for if any metallic silver be present, this 
will also readily amalgamate with the mercury, and the deter-
mined fineness will then lie somewhere between true fineness and 
apparent fineness. 
The reliability of amalgamation data may also be r endered 
uncertain by the presence in the ore of certain sulphides of 
silver. Collins (1900, p.7) states that "mercury decomposes 
silver sulphide at ordinary temperatures when triturated \nth it, 
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whether in the presence of water or not." 
and pr oustite, J Ag2S.As2s3, are also said to be acted upon by mer -
cury, but t he r eaction is much sl ower. The activity of mercury 
towards these sulphides is greatly increased by the presence in 
sol ut ion of f errous sulphate or copper sulphate . Collins 
(ibid., p.7) quotes that under equivalent conditions the amount 
of sil ver extr acted by amalgam i'rom silver sulphide is nearly 
tripled in t he presence of copper sulphate . This fact was known 
and t urned t o advantage as far back as the middle of the 16th 
cent ury, as i n the Patio process for treating ores containing 
native silver, ar ger. ti t e• stephani te, pyrar gyri te, polybasi te and 
pr oustit e (Col lins , 1900, p.44; Ri ckard, 1936). In t his process, 
common salt and crude copper sulphate, termed 'magistr al', were 
commonly used to facilitate amalgamation , I t i s important t o 
note that ar gentiferous sulphides of other metals, such as 
argentiferous galena, sphalerite or fahlerz, are much less easily 
amalgaoated than the previously mentioned sulphides . Some 
specimens are not acted upon at all. This variability in r e-
activity was attributed by Collins(p ,7) to the fact that 
11 silver e::d sts in these miner als in t\.JO differ ent conditions -
sometimes as a true silver compound, mechanically interspersed 
through the base metal sulphide , and sometimes as a double 
sulphide chemically combined with it . I n t he forL~r case, 
mercury can attack the silver sulphide, i n the latter there is 
no acti on." 
z. 
To suomari¢e, the fineness of bulli on r ecovered by amalgam-
ation may be accurately representative of the fineness of gold 
particl es i n the ore when the mineralogy of the latter is 
simple, but when sil ver occurs also in the form of native 
silver or sulphides, the determined fineness may be less than 
the true f ineness of gold particles . 
Amal gamation processes, although falling into clisuse in 
modern gold mill s , are still in coDQon use throughout Southern 
Rhodesia. The co1;unon r.Jethods used are copper- plate amalgam·-
ation at the mll dischargu point, or ba.rr el arJ<J..garntion of 
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James Table or strake concentrates. 
( .. ) J.J.! Recovery by Cyanidation 
The most inportant method of recovery used on established 
mines is that of cyanidation, in which either the ground ore, or 
heavy concentrates separated from it, are treated with a weak 
sol ution of alkali cyanide. The gold and silver, and perhaps 
other ninerals as well, pass into solution, and are precipi~ed 
from solution using zinc dust or shavings, or sometimes activated 
charcoal or other reagents. 
The reaction generally accepted for the dissolution of gold 
is that of Elsner (see American Cyanimid Company, 1950): 
4Au + 8KCy + 02 + 2H20 = 41\AuCy + 4KOH 
The presence of oxygen assists the reaction to proceed to the 
right, although MacArthur (see Rose, 1906, p.352) cited experi-
ments to show that golf in ores cculd be dissolved in the absence 
of oxygen. Maclaurin (see Rose , p.352) found thJ t gold dissolves 
most rapidly in potassiun cyanide solutions containing between 
0.005 per cent and 0.25 per cent potassiuo cyanide , dissolution 
being at a naximun in solutions of the latter strength. 
Solutions stronger or weaker than the latter dissolve gold more 
slowly. Christy (see Rose, p.353) found that for all pfactical 
purposes, potassiun cyanide solution ceases to act when its 
strength falls below 0.001 per cent. 
Many factors play a part in controlling the composition of 
cyanide solutions in contact vii. th the gold-bearing or e . A 
discussion of these i s beyond the ability of the present writer, 
but brief mention i s nade here of those which are perhaps most 
si gni ficant in determining the r e,tio of gold to silver in cyanide 
bullion. 
Other niner al s present in the ore besides gold and silver ~-y 
pass into solution, and such f ouled solutions J::Jay exhibit soue 
degree of inhibited reactivity towards one or other of the 
pr e cious minerals (Rose, 1906, pp. 350, 358; Julian and Smart, 
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Barsky (see Am, Cyanimid Co., 1950), investigating the relative 
rates of dissolutio~1 of gold, silver and their alloys, exposed 
surfaces of measured area of these metals to equal volumes of 0.10 
per cent sodium cyanide solution, under cohditicns of constant 
aeration and agitation. He found that: 
(i) silver dissolves at about half the r ate that gold does 
(1.54 and 2.99 mg/cm2/hour respectively); 
(ii) the rates of dissolution of the alloys are roughly 
proportional to the composition of the alloys; 
(iii) the proportions of the metals dissolved are practically 
in the same proportion as the metals in the alloys. 
Thus , cyanide solutions in contact with alloys assaying 
79.8 per cent and 57,6 per cent gold, assayed 78.6 per 
cent and 56.5 per cent of gold respectively. 
Julian and Smart (1921, p.63) showed that changes in the 
strength of cyanide solutions had little effect on the ratios of 
solubilities of gold and silver, where solubility is defined as 
the comparative weights of metal dissolved from surfaces of equal 
area in the same time and under the same conditions. Potassium 
cyanide solutions ranging in strength f'rom l per cent to 0.05 
per cent dissolved weights of gold and silver which bore a 
constant r atio of 1.81:1 to each other. 
In the probably rare event in which gold and silver occur in 
a hydrothermal ore only as an alloy of constant composition, it 
is to be expected, from the experimental work of Barsky, described 
above , that cyanide bulli on will r efl ect within toler able limits 
of error the fineness of the gold in the ore . In this special 
case, the true fineness and apparent fineness would be the same , 
and it would be possible to place some r eliance upon the 
composition of the cyanide bullion as a measure of true fineness . 
Prentice (1940, p.21) however, pointed out that the percentage 
extr action of precious met als falls as the value of pul·p to be 
cyanided f alls, and tha.t the extr action of silver might be very 
incomplet e , when i t is present in only small amount s . The 
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implication is that ~d-silver r atios of bullion won from low-
gr ade ores should be treated with circumspection. 
Wher e ·particles of bot h rel.-. ·t.ively pure gold and native 
silver occur in 2n ore , tho composition of the cyanide solutions 
should depend l .:r gely upon the r el ative solubilities of the metals . 
In pr actice this associ ation is probably exceedingly r are i n ores 
unaffected by supergene processes (Joralemon, 1951, p.296). The 
case does not appear t o orise in Rhodesian deposits. 
The effect of silver, as a sulphide, or in some other for m, 
on the composition of cyanide solutions may be judged from the 
following st atement (Rose , 1906, p . 359): "It has been l aid down 
as .l gener al rule that oxides, hydrates, carbonates , sulphates and 
sulphides of those metals which ar e electropositive to gold in 
cyanide solutions are dissolved more rcpidly than t he last- named 
metal , whether it is present i n the metallic form or contained 
in its commonly occurring salts ." The experiment:U work of 
Christy (see Rose) 1906, p . 360 ) showed gol d to be elatropositive 
to silver in 0.065 per cent KCN solution, and strongly electro-
positive to sulphides of silver such aa ruby silver and argentite . 
In conclusion, it should be noted that the assumption that 
the gol d-silver ratio of the bullion produced will be the same 
a s the gold- silver ratio in solution, is unjustified. Fouled 
solutions may not allow complete precipitation of either of the 
precious metals. Again, certain precipitants may be sel ective ; 
carbon will sel ectively precipitate gold fro~ cyanide solutions 
cont aining both gol d and silver (Joralemon, 1951 , p. J04) . Or, 
during smelti.11g of the gold slimes, there may be gold in t he slag, 
or in a base-metal sl ag which comes t o r est on the gold matte in 
t ho crucible . This latter, known as th3 base ror, also contains 
a certain anount of gol d and silver, but ver y often i n pr oportions 
very different from those in the gold matte . Tho silver content 
is generally high. 
To conclude , it may be said that , from various consi der ations 
concerning the chemistr y of cyanidetion, l i t tle r eliance should 
be placed upon t ho fineness of cyanide bullion as a measure of 
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either the fineness of gol d particles, or t he gold-silver ratio 
of the ore. In practice, it is found that the fineness of the 
cyanide bullion may often fall between these two values, and that 
this could be due to the inconplete dissolution of small amounts 
of silver-bearing sulphides in the ore, or to the dissolution of 
particles of gold relatively rich in silver, which are too small 
to be recovered by amalgamation. It is also found in practice 
that in some deposits the difference between the fineness of 
cyanide golQ and the fineness of amalnam golQ is exceedingly small, 
not exceeding a few per cent. 
Interpretation of Product i on Dat a 
In succeeding pages use has been made of production data to 
characterize the gol d in different deposits. In the offi ces of 
the Mining Cormrlssi oners in Southern Rhodesia, the Gold Regi st ers 
record the monthly outputs of both gold and silver for every gold 
mine i n the territory. Returns for amalgam gold, cyanide gol d, 
and gold recover ed by the t reatment of concentrates are kept 
separate, and little difficulty is encountered in determining the 
fineness of ~nalgam gold. Unfortunately, it i s not uncomn1on f or 
some mines to declare joint outputs from mor e than one oource. 
In these case s, the information i s valueless, and has to be dis-
carded. In a f ew cases where dat a wer e sought, analgam and 
cyanide gol d were found to have been declared jointly, and such 
dat a ar e also of r estricted value. 
It has been found that in all of the deposits considered in 
succeeding pages, the number of outputs i n which t he amount of 
s ilver exceeds the amount of gold recover ed, is quite negligible. 
This is true for both amalgam and cyanide gold . The conclusion 
seems inevitabl e t hat in the mines studie d the amount of silver 
occurring i n the ore , other than that alloyed with the gold, i s 
exceedingly snall, and hence the computed fineness values are 
generally reliabl e . I t might be mentioned here that in the 
study of the mineralogy of the ores of a nuober of producers , 
-10-
it was found that silver ninerals are exceedingly rare. 
Production data have also been used for gaining sone idea 
of the average grades of deposits. As Southern Rhodesian ores 
tend, in general, to be refractory, the average recoveries seldom 
z 
reflect the average grades. While it is difficult to generali¢e, 
it is probably safe to estimate that most nines recover between 
65 per cent and 85 per cent of their gold. 
These tvro values, fineness and grade, have been found to 
be related in a number of deposits, and,in a later section, it 
will be shown that this relationship has its roots in the para-
geneses of the ores. 
The greater part of the field work for this investigation 
was carried out while the writer was in the employ of a mining 
company in the territory. Several of the mines, which are 
described in Chapters IV and V, were mapped and sampled both on 
surface and underground during this period. Others which are 
described were visited by the writer at a l ater date, when it was 
not possible to devote the same amount of time to detailed study, 
and sampling was the chief objective. 
In the descriptions in Chapter IV, most attention has been 
devoted to the nineralogy of the ores, and only as much inform-
ation on the character of the deposits in the field as is 
necessary for a background has been given. This procedure has 
been adopt ed because field details arc generally irrel evant to 
the topic under discussion. 
Wher e the deposit described has l~ng since been·worked out 
and abandoned, as , for exampl e, in the case of the Lonely mine, 
it has not been possible to examine it in the field and the 
writer has been dependent on whatever literature i s available, 
and the collectiorl'l of ore specimens in the National Museum in 
Bulawayo and the Geological Survey in Salisbury. 
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¥a.bora~ory Work 
Laboratory work has included the preparation of samples for 
assaying, and the preparation and stucy of polished ore specimens . 
Part of the work in the farner category was carried out in the 
assay departoent of Connemarn mine, at Hunterls Road . This work 
wa s directed towards establishing the variations in gold- silver 
r atio and gol d fineness in different sections of several deposits, 
or in sa.raples of differ out minerals. The actual assaying was not 
carried out by the writer. The writer is fully aware that in 
most of the ores studied, a greater nwnber of assays would have 
l ent str onger support t o l'Jany of the conclusions which have been 
drawn. However, due t o the l ack of assaying appart;\tus of any 
form in the Geology Depart ment of this University, where the 
bulk of the work was carried out, and very r estricted funds f or 
having assays carried out by professional cheLusts, the number 
of assays had t o be very severely curtailed. 
The polishing of or e specimens was carried out on a Cooko, 
Troughton and Simms Ore Polishing £!~chine , using a variety of 
poli shing laps and dianond abrasives . Good surfaces can be pre-
par ed with t hi s appar at us , rendering it possibl e to identify gold 
grains as sna.ll as 1-2 microns . A full account of the polishing 
technique used is given in Appendix I. 
Micr oscopic ex~-ination was carried out with a Leitz S.M. 
Pol. Ld.croscope fitted with r efl ecti ng unit incorporating both 
pl ane- glass anc prism reflectors. Photor.ricrographs were taken 
using a Leica canera fitted with the M:l.kam adaptor and r eflex 
housing. 
For miner al identification, the writer was entirely depend-
ent on the det er minative t ables of Short (194.0 ). In view of 
the notoriousl y unreliable behaviour of etch reagents , efforts 
were mde in all cases t o confirm the identifications by micro-
chemical t ests . In many cases , however , this proved i mpossible, 
due to the tiny si zes of the grains studied. Useful confirm-
at ory data ,in t he forn of reflecti·vity values, wero given by 
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the use of a Cooke, Troughton and Si~s Microphotoneter (see 
Hallimond, 1953, p.l3l) . This instrument has certain advan-
t ages over those of the photo-electric type, in that t ol er ably 
accurate deter~nations of reflectivity can be maue on grains 
which fill only a small part of the microscopic field . The 
chief source of error in these det erminations proved to be the 
concave surfaces produced during the polishing of tiny grains 
of soft miner aJ.s . Detormino.tions on l arge grains can generaJ.ly 
be made within an accuracy of 2 per cent, Tables of r eflect-
i vity are given by Folinsbee (1949 ). 
The deterLti.native t ables of Davy and Farnham (1920) contain 
useful supplement ary notes for the identification of or e minerals, 
while Stillwell (1931) has published useful data for the deternin-
ation of telluride minerals . 
f ound valuable . 
Both these r eferences have been 
The writ er had no access t o X-ray or spectrog!!aphic apparatus, 
and accordingly no confirmatory tests could be made with these 
t ool s . 
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CHAPI'ER II 
..... 
N&TURE AND SCOP~ OF I?WESTIGATION. 
NATURE OF PROBLEMS STUDIED. 
-----~- ------
The object of the present investigation is the examinati on 
of two nain aspects of the problem concerning the variability 
of gold fineness . These two aspects are , firstly, the nanner 
and degr ee of these vari a tions, and secondly, the ntt enpts to 
account for then . There is a dearth of praci se infornation in 
hhe l~terature r egar ding the nanner in which gold fineness and 
gold-silver ratios i n ores vary. Although it i s widely known 
that both of these values are subject to sharp fluctuations in 
differ ent nining fields, as well a s within individual deposits 
or even sections of working3 on the saLle deposit, there do not 
appear t o be mny published acco:mt s which describe in detail 
either the nanner 0r the extent of these variations . It is 
sel dom statcd whether these variations follow any regular 
pattern, or are haphazard, or may perhaps be correlated with 
other geological features . Accordingly, an at tenpt is now 
being made to Gescribe these variations in both gold-silver 
r atios and gold fineness in sone Southern Rhodesian deposits 
which are typical of the hydrothernal veins and i npregnations 
in the territory. The need for data of thi s nature i s str essed 
in nearly all published investig~tions in this field, and it is 
hoped that this investigation will at least contribute towards 
the bridging of this gap. 
The second aspect to which attention is devoted concerns 
several paradoxes which arise out of views which appear to 
enj oy current support. In what is perhaps thc nost compr ehensive 
study of gold fineness in the literature , Fi sher (1945) has 
z 
drawn attention to the high silver content of g.ol.d charact erip-
ing epithermal deposits, and the pro~essively gr eater purity .of 
the alloy in the mesothermal and hypothernal types of deposits . 
He concluded fron t.his, as well as :trou a consideration of certain 
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aspects of nineralogical zoning, that temperature and 
pressure were the chief factors influencing the conposition 
of the alloy deposited during ~neralization, Accordingly, 
he clained (p,559) that, in ore channels 11 gold deposited 
nearer the source will be of higher fineness, and gold of 
lower fineness will be found with other silver rainerals farther 
away, that is, usually at a higher horizon. 11 While this is 
found in oany cases to be true, such as in the Kolar gold 
field described by Pryor (1923), there are nevertheless nany 
exanples in which the reverse is true. For exruJPle, the work 
of Bruce (1943) pointed to an increase in the silver content 
of recovered gol d with increasing depth i n certain Ontario 
gold 1Jines; A.B. Edwards (personal connunication) states 
that sone of the Bines in Aust ralia show a slight increase in 
silver content of the gold vd th depth; Thre :J.dgold (1958) 
showed th~t the gol d fineness of the MOrning Star nine, 
Victoria, decrea ses with depth~ while several Southern 
Rhodesian runes show similar changes. In the Lonely mine, 
Bubi Di strict, the fineness of the gold fell fron over 950 
fine in the upper level s to below 900 fb1e in depth. 
Froo these facts it is clear that Fisher 1 s conclusions 
cannot be accepted without some qualific~tion, and that 
although tenperature and pressure may well be the most 
important factors governing the fineness of gol d, other 
factors nust play an important part in bringing about these 
di screpancies , His general conclusions also appear to be 
incompatible with those arising out of Joralemon 1s study of 
the Getchell mine , Nevada (Joralenon, 1951), This deposit, 
described as a low-intensity GIJitherr:lal deposit, contains 
native gold and native silver as separate ninerals, whereas elec-
trum i s rare , Joralemon concluded (p,296) that," at very low 
temperatures, gal e and silver do not form an alloy. 
In the succeeding t ext , the mode of occurrence of gold 
gr ains containing varying proportions of alloyed silver is 
described in a number of deposits. It has eoerced that grains, 
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which differ narkedly in composition, may occur in the same 
handspecimen and even in the same fi eld under the r:ri.croscope, 
It is inconceivable that teLlperature and pressure could vary so 
sharply over such small distances , bringing about narked differ-
ences in the composition of adjacent grains; this arguBent again 
e1:1phasi zes the need for nodifying currently accepted hypotheses. 
Vany accounts dealing with variations in gold fineness ar e 
wholly concerned with post-depositional events , such as the 
effects of secondary enrichnent and oxidation, and the refining 
of alluvial gold. Only brief Llention has been made of work i n 
this field in the present investigation, which is confined to 
primary or hypogene variations. Ore specioens showing the 
least traces of oxidation have been discarded, and, in the differ-
ent nines studied, sampling was confined to the deeper l evels. 
To conclude, it could be said that the field of r esearch 
is sonewhat narrow, as it embraces only particular aspects of 
the greater problen of gold deposition. The work has not been 
assisted to any great extent by the copious literature dealing 
with gold, f or there is generally little precise information re-
garding this particular prOblem, and the conclusions of different 
investigators are frequently in conflict. On the other hanc~, 
it is a field of great pro~se, in which there i s still scope 
for studying fundamental principles of ore deposition. 
PREVIOUS RELEVA~ INVESTIGATION§_ 
The references to variations in gold fineness are scattered 
throughout the literature, and in only a few publications have 
there been systematic attempts to account for these variations. 
Few accounts even refer to the fineness of gol d in the deposits 
under discussion, or, in a large proportion of those in which 
gold fineness is r ecorded, tho nature of the gol L, its associations 
and its manner of r ecovery are not stated. The following survey 
deals briefly with those investigations encountered by the 
present writer in which the features of gol d fineness have been 
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given special attention. 
As has so often proved to be the case in other fields of 
study, Lindgren was a...wngst the first to Llake penetrating ob-
servations r egarding the distribution of gold and silver in 
ores. The following statenent i s quoted in view of the signif-
icance it acquires in a l ater section of this paper. He wrote 
(Lindgren, 1896) that "there are, in general, two classes of 
gold-quartz veins, between which, however, no distinct line of 
demarcation exists. The first embraces those veins in which 
the gold is nearly exclusively connected with the sulphides and 
is not easily renoved from them by simple analgamation and in 
which free gold is found only in the upper deconposed zones; in 
these veins there is usually also much silver. The other class 
•••••••• carry an ore of which the principal value l ies in the 
free gold, the relative amount of which shows no di@inution in 
depth once the surface zone of decomposition is traversed. 11 
In his account of the ores of the Central City district of 
Colorado, Collins (1902) described the zonal distribution of 
gold anc silver ores. Gold ores, located in a central position, 
are surrounded by a belt of silver-rich ores. The silver-gold 
ratios of the ores show gfeat variation, and his work indicated 
that the silver-rich ores yield amalgau bullion richer in silver 
than that from silver-poor ores. This latter fact implies that 
the gold fineness decreases by s~~ amounts where the total con-
t ent of silver in the ore increases, but it is not stated whether 
other silver-bearing minerals perhaps yielded silver to the 
amalgam. His discussion of the influence of Dilling techniques 
upon the reliability of data which ru ght be ·used for asse ssing 
the characters of the original ore, contains valuable information. 
His tables in which the gold fineness is co~ared with the silver-
gold r atio in the ore bring out the interesting fact that,although 
the silver content of the or e may exceed by many times the gold 
content, the gold fineness is nevertheless moderately high, being 
730 to 870. Silver does not, as might be expected, dominat e over 
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gold in the nat ural alloy. 
Emmons (1904, pp. 63-64) r aised the questi on whether there 
was any uniform change with depth in the pr oportions of gold 
and silver in the bullion from the Honestake nine , South Dakota . 
His figures indicated a steady decline i n gold-sil ver r atio from 
4,90, prior to 1880, t o 3.88 in 1899-1900. He considered that 
this trend wa s shown even in ore below the zone where l eaching 
of silver night have been expected. A detail ed investigation 
by Sharwood (1911) was directed to deter nining the causes of this 
variation, and although his conclusions nullified E~ons 1 
suggestions, his other findings renain of gener al interest. He 
showed that the decline in gold fineness i n the bullion could be 
accounted for by changes in the nilling procedure, and that the 
variations in gold fineness were more marked in the different 
ore bodies than in differ ent horizons in the sat1e ore body. 
Tests carried out on gold particles pr oved that in the Homestake 
mine the smaller gold particles contain more silver than those 
which are larger; this conclusion was substantiated by the fact 
that after the r emoval of gold particles in the ore by aoalgan-
ation, the still finer particl es which were dissolved by cyanide 
solutions \.rere found to contain even nore silver. 
Bastin (1917 ) incorporated Collins 1 work (lac . cit.) in his 
account of the econouic geology of Gilpin County and adjacent areas, 
without extending the l atter ' s r esearches in this field. However, 
he contributed nineralogical data, to which reference is nade in 
a succeeding section in this paper . In the nost recent account 
of the geology of the Front Range, Lovering and Goddard (1950) 
qualify certain of Bastin 1s observations, but do not add further 
t o Collins ' work. 
In his description of the Walha~ood ' s Point aurif erous 
belt, Junncr (1920 ) suggest ed a· correlation between gold fineness 
and the ore minerals with which the gold is intir.la.tely associated. 
Here the gol d fineness was said to vary from about 800 to 9701 
and he stated that "apparently the n.J.turc of the vein-sulphides 
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has influenced the fineness of the gold11 • Where stibnite was 
the predoninant mineral , he found that the gold was invariably 
of good quality, and where the ore minerals were chiefly sulph-
antinonites and sulpharsenites such as bournonite , tetrahedrite, 
j aoesonite nnd arsenopyrite, the gold was usually of good quality, 
However, where galena and sphalerite predorrunated in the veins 
the gold wJs r arely of good quality. 
Pryor (1923 ) described the variations in gold fineness in 
the Kolar gold field of ~o/sore , India. Fron a study of 
pr oduction data over a period during which so~e t en Dillion 
ounces of gold were produced, and during which nethods of recov-
ery r eoained constant, he showed that the average fineness of the 
Dill gold increased steadily froo 890 i n ~e upper l evels to 
about 930 in the deepest workings more than 6,000 feet .froo. 
surface , This trend was shown by each of the different sections 
along a strike-length of sooe 10,000 feet. By deternuning the 
aver age depths of the sources of or e froo mine records, he was 
able t o show that, in l ongitudinal section, the contours repres-
enting equal fineness values are concave towards the surface . 
He concluded that tenperature was the chief factor in controll-
ing gol d fineness, and wrote: 11it may be assumed that each 
' contour line' r epresents a line of equal conditions for the 
deposition of gold, The wall rocks have not been found to have 
any particular precipitating action on the gold •••••• The 
'contour' lines nay therefore be regarded as indicating the 
general shape of the iso-therrns . 11 Pryor's contribution night 
thus be considered to be one of the first in which an emphatic 
correlation is made between teoperature of deposition and gold 
fineness. 
H.G. Ferguson (1924, p. l06 ) not ed that the Terli ary 
ar senical ores of the Manhattan District, Nevada, yield gold 
with a very soall propor tion of silver, in contrast t o other 
Tertiary ores in the district in which pyrite is the only 
sulphide of importance and in which silver is r elatively abundant. 
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In the farner ores, containing arsenopyrite, realgar and or picent, 
the r atio of gol d t o silver i s about 17;1, whereas it is 2:1 or 
2.5:1 in the latter. Free gol d is not seen in the arsenical ore, 
but sanples treated with nitric acid yiel ded ninute specks of 
gold (p. 99 ) • Fer~lson suggested that the l ow silver content of 
the gol d was due to the selective precipitation of gold from 
solution by arsenical Llinerals, and concluded that 11 i t i s at l east 
a tenable hypothesis that hypogene solutions that are rich in 
arsenic and fre0 from l ead, zinc and copper, tend to precipitate 
col d without any i nportant .oixture of silver." 
Van der Veen (1925) noted briefly the occurrence of gold 
grains with zonal structure in deposits of Transylvani a and Banat 
Province, Hungary. (It i s of interest to note that such grains 
show a silver-rich core which is surrounded by zones successivel y 
poorer in silver, suggesting that gol d of lovr f i neness is earl ier 
in the paragenesis than gol d of high fineness ). 
Macgregor ' s study of the Lonely nine , Southern Rhodesia 
(Macgregor, 1928) establi shed that here the gold fineness 
decreased from 958 in the upper l evels to l ess than 900 bel ow 
the 23rd l evel . Macgregor offer ed no explanation of these facts , 
z. 
but noted that this trend wa s the reverse of that characterijing 
the Kolar geld field. 
Knopf 1 s findings in the Mother Lode syst em of California 
(Knopf, 1929 ), recall to nind those of Junner in Victoria and 
Ferguson i n the Manhattan District of Nevada . While, from 
available evidence, there i s no indication of a change in gold 
finenes s with increasi ng depth, he indicat ed that ther e does 
appear to be a connecti on with the associ at ed sulphides and 
. 
tellurides. Gold associated with ar senopyrite was found to 
be 839 fine, and that with pyrite was 825 fine . Gold associat-
ed with the l at er minerals galena and petzite was of higher 
fineness , respectively 870 and 899 f ine . Knopf r ena.rked that 
these results " suggest that the fineness of the gold is influenced 
by the nature of the sulphides or t ellurides with which it i s 
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associated.11 
Many passing references to the fineness of native gold are 
t o be found in Lindgren's 'Mineral Deposits 1 (1933). In 
particular, the differ ences in gol d characteristic of the 
epi therLJal, nesotherL1a.l and hypotherraal deposits are noted. 
Of gold i n the epithernal deposits, he wrote (p.445): 11 It 
contai ns silver, as a rule , anc is of pale yellow col our; a 
proportion sonetines occurring is ounce for ounce when the 
ni neral is of very pale gr-ayish-yellow col our (electrura). 
Deep yellow gold is not u_-riknown, however, 11 With r efer ence to 
me sothernal deposits of tho California and Victoria type, he 
stated (p.545) that 11 the free gol d always ccntains a l i ttle 
silver, the average f i neness being 800; the sulphide s are 
likely t o carry raore silver in proportion than the native gold." 
The gold in the exanpl es of hypothermal deposits quot ed by hin 
carry, in general, a relatively small proportion of silver. 
J.C. Ferguson (1934, p.87) suggested a correl ation between 
gold finenes s an<.~ the nature of the accotlpanying sulphides in 
the pre-Caobrian deposits of the ar ea surrounding Filabusi, 
Insiza District , Southern Rhodesia . He concluded that 11 th€) 
pyrrhotite- bearing or e bodies have yielded gol d of good quality, 
and that t hose which arc heavily ninerali zed by chalcopyrite and 
galena have given poor er gold. The r el ati ons between the quality 
of the gol d ancl t ho nature of the mi norali zution o.ro , however, 
r ather vague; and tho fineness scons t o depend as nuch on the 
geographical position of an ore body as on its nineral assenblage . 
This suggests that tho func~ontal poi nt t o be det er mined is the 
identity of tho granite nagrn t o which th,) ore body is r ela t ec1.11 
M.S. Fisher' s account of the st ructure and cotlpositi on of 
gol d (Fisher, 1935) contai ns valuable dat a r elating to i ts 
t enper atures of deposition and r ecryst allizat i on. He showed that 
gol d grains contai ning appreciable aQount s of sil ver, deposit ed 
from hypogene solutions , may have a zonal st r ucture, and that 
this structure nay be r evealed by the et ching of polished 
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specinens with aqua r egia . He concluded that the variable fine-
ness exhibited by successive zones in gold ·,rains arises out of 
variations i n temperature and the character of the gal e-bearing 
solutions which deposit the netal , and that this zonal structure 
could be destroyed by diffusion 1.rhere tenperatures are high enough . 
He showed, further, that the secondary purification of gold in 
placer deposits nay be due to the solution of both gold an8 silver 
froo the surface of particles , foll owed by the deposition of 
almost pure gold on the surface so attacked , 
Bruce (1943) i nvesti gated the gol d-silver r atios i n bullion 
produced by :.tines i n the Porcupine and Kirkland Lake areas of 
Ontario. He found the dat a t o be somewhat conflicting, and was 
unabl e to ~·rive at any definite conclusions , in view of the frag-
ment ary nature of t he evidence . Howev.Jr, he indicated that 11 t he 
gol d- silver ratio for sor.Je deposi ts seems to decr ease with depth . 11 
He also found that the gold-silver r a tio was different for 
different kinds of wall r ocks, and th~t tho silver content of the 
or e varied less than the gol d content . 
Mackay (1944) described the differ ences i n silver content of 
col(~ bullion pr oduced by arlalgaJJation and by cyanidat i on in 
shallow mines in the Lupa gol d f i el d of Tanganyika , and establish-
ed that, as a general rule , the fineness of gold particles declined 
r api dly with i ncr easing depth. This feat ure, and the fact that 
t he differences i n gold-silver r atio in amalgan bullion and cyan~de 
bullion, r espectively, became l ess marked with increasing depth, 
he attributed t o secondary enrichQBnt and supergene r enoval of 
silver. While the present writer does not deny that this is 
pr obably the case , it will be shown l at er that SOQe of Mackay 1s 
i nitial assumpt ions were not justified, and that soBe of the 
f eatures described ·by him are also characteristi c of deposits 
unaffect ed by secondary enrichnsnt . 
Probabl y the most comprehensive study of the vari ati ons in 
gold fineness is that of N.H. Fisher (1945 ). While the bulk 
of this paper i s devot ed t o alluvial gol d and the effects of 
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secondary enrichment, variations arising out of hypogene 
effects are also considered in sone detail. The conclusions 
he drew from this study are of wide application and those which 
~·e most significant are s~Jarized here. Fron an extensive 
study of avail able data, Fisher concluded (p.484) that 
although gold and silver will alloy, in the molten sta~e, in any 
proportions , in ore deposits the lower limit of fineness is about 
450. Bullion r ecoveries indicating a higher silver content than 
this are suspect, and probably r epr esent incorporation of silver 
fron other ninerals. The cont ent of silver in ores was shown 
t o have litt l e effect upamthe fineness of gol d, except in the 
case where insufficient silver was originally available , when the 
go~d fineness would inevitably be high. In support of this 
contention, several instances are quoted wher e the silver content 
of the or e is gre3tly in excess of the gold content, but where the 
gold fineness is not particularly l ow. A st atistical examina-
t i on of gol d fineness in epithernal, nesothermal and hypotherL~ 
deposits showed that gol d in the first is t ypically 500 to 800 
fine, whereas in the l ast the lower limit is 800 fine. Meso-
t hermal deposits t ypically carry gol d wh i ch is intermediate in 
quality between the other two classes. Fi sher found no evidence 
to support a correl ati on between GOl d f ineness and the nature of 
the wall rocks or the conposition of tho associ ated intrusions 
fr om which the ore fluid s had been derived~ Following on his 
contention that t1the increase in fineness ¥1i th depth strongly 
i ndicates that t eoperature and/ or pressure , and not the nature of 
the wall rock, was the doninating factor in det er mining the amount 
of silver alloyed with the gol d11 , he concluded that 11 gold deposit-
ed nearer the source will be of higher fineness, and gol d of lower 
fineness will be found with other silver minerals farther away, 
that i s , usually at a higher horizon. 11 He also concluded that 
under any given set of conditions , gol d fineness tends t o be con-
stant, particular ly in deposits connected with the sane intrusive 
batholith, where:J.s wide variations nay occur i n ores connected 
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with the sane intrusion, but formed under different physical 
conditions, 
Bichanls investigation of the Kolar gold field (Bichan, 
1947) l ed hir.1 to postulate that variations in pr essure could best 
explain tho downward increase in gol d fineness, established by 
Pryor (1923), He pr oposed that the differences between the 
prevailing pressure, ana the critical pressures for the separa-
tion fron the nineralizing fluids of gold and silver re spective-
ly, would cause relatively oore silver t o be precipitated at 
lower presstU'es, and r el atively nore gol d at higher pressures. 
As a re sult of this, gold precipitated in the upper levels would 
contain r:1ore silver than th.;.t in deeper levels , 
A downwarc increase in the fineness of gold recovered by 
amalganation has boen established at the O'Brien nino, Quebec, by 
Mills (1954). This chanf e takes pl ace between the depths of 700 
feet and 2,100 f eet, and the increase in fineness is from about 
860 to about 930. Fron a conpari son of the nature of the bullion 
r ecovered r espectively by analgar~tion and by cyanidation, Mills 
concluded that tho average size of gold particles decreases with 
depth, and that the sr.mller particles are purer than tho~ which 
are larger, (In this l atter respect the 0 1Brien Dine ore nay be 
contrasted with that of the Honestake Dine , where Sharwood (loc, 
cit.) found that the larEer gol d particl es t end to be purer~) 
It i s worthy of cor.ment that, in the O'Brien mine, the bullion 
recover ed by cyanidation hc s loss silver than that produced by 
amalgamation; this is unusual and the r everse is usually the 
case. 
Threadgold (1958) stat ed that the fineness of [,old shovTS 
a slight decline with depth in the Morning Star Gol d Mine , 
Victoria. Down t o the 4th level the average fineness was 
about 805. Between the 5th and 7th l evel s this value dropped 
to 790, and below the 14th l evel this value c~opped still 
further t o 785. It was also stated that the fineness of the 
Lol d varies locally by as nuch as 25 degrees . 
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The variations in fineness of the Maude an~ Yellow Girl 
gold have been described in sone detail by Edwards (1958). 
In this ore the gold-silver ratio varies from 10/1 to 1/100, 
whereas the gold fineness varies from ~lace to pl ace between 685 
and 950. The finer gold occurs in snall pockets or short sections 
of the veins; sane nill products and occasional underground 
sanpl es indicate that it nay reach close on 1000 fine. The 
abundant silver in the ore varies independently of the geld, 
iron and arsenic, but appears to be associated with the eleBents 
copper and antimony. Pyrargyrite is a constituent of the ore. 
About 10 per cent of the gold is intimately associ ated with 
pyrite and arsenopyrite , as sub-nicroscopic partic:le,s. or in 
solid solution, and Edwards stated (p.l24) -that 11 fr om the para-
senesis of the or e it could be expected that very little silver 
would be associated with this early deposited gold11 • This 
study led to the conclusion (p.l31 ) that 11 the fineness of the 
gol d depends on two independent f actors : 
(i) the availability of silver, i.e. the concentration of 
silver in the mineralizine solutions, in conjunction 
with the concentr ati on of other elements with which the 
silver could combine (partition factor); 
(ii)tenperature of deposition (assuming more or less constant 
pressure during mineraliz~tion ). Provided sufficient 
or excess silver is available, some factor such as the 
t emperature oust control how ouch sil ver can all oy with 
the gold. Otherwise the composition of tho gol d should 
vary Gore or less with the silver content of the or e at 
any given place in the vein, which apparently ;i.t does 
not ." . 
-------
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QliAfl%!LIII 
VARIATIONS OF GOLD FINENESS IN THE GWANDA GOLD BELT 
-== -- -= 
!n,troductign 
The wor k of Lindgren (19321 Fisher (1945) and others has 
clearly shown that fineness varies from one mining field to 
another, but that, in the broadest sense, gold of high fineness 
is characteristic of hypothermal deposits, and gold of low fine-
ness is typical of most epithermal deposits. It is also well 
known that fineness varies from one deposit to another in any 
particular group of deposits, and may even fluctuate widely 
within a single deposit. It was considered that the present 
investigation would benefit from a statistical determination of 
the average fineness values, and the degree of variation in 
values, in one of the typical gold-producing areas in Southern 
Rhodesia . The Gwanda area, lying some 60 miles south-east of 
Bulawayo, was selected for this purpose. Several factors in-
fluenced this choice. It is, firstly, a fairly small area, 
but it contains a large number of deposits in which the gold 
fineness varies from low t o very hi~1. Secondly, the geologic-
al structure is not as complex as in some areas. Lastly, 
production data for this area were r eadily available to the 
writer whi~he was st ationed in Bulawayo. Accordingly, the 
r ecords of production for a period of 16 years were systematic-
ally examined and the fineness values of all mines which were 
in operation during this period calculated from the data extract-
Bri,ef Outline of the Geology of the Area_ 
The area has been geologic~mapped and described by 
Tyndale- Biscoe (1940) . The following outline has been drawn 
from his descriptiOn. 
The area· is underlain by Archaean rocks including a wide 
variety of altered intermediate and basic lavas, metamorphosed 
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sediments and banded ironstones, as well as intrusive rocks 
which are now r epr esented by serpentinites and talc-schists. 
The assembl age is thus similar to that of many other occurrences 
of Primitive System inliers in the Old Granite in Southern 
Africa. These rocks dip steeply and are probably synclinal in 
general attitude, but tightly folded in complex f ashion, form-
ing a belt about 45 miles l ong and 10 miles wide. The schist 
belt i s wholly surrounded by i ntrusive granitic rocks which 
show considerable variation in character. The rock immediate-
ly ringing the schist belt is chiefly gneissic granite, which 
also crops out at several localities within the confines of the 
inlier. In addition, there are smaller stocks of adamellite 
and monzonite which i ntrude the metamorphics. 
Tyndale-Biscoe distinguishes between what he t erms primary 
structures, such as the boundaries between formations and folia-
t ion in the gnei ssic granite , and secondary structures such as 
cleavage, fracturing and f aulting. The former include movements 
that arc believed t o have taken place before complete consolida-
tion of the granitic r ocks , while tho latter are much younger. 
Ther e i s a decided relationship between the distribution of gold 
deposits and the primary structures, which suggest s the utiliza-
tion of planes of bedding by miner alizing fluids during their 
ascent. 
The relative abundance of gold deposits in the different 
rock types appear s to have been largely controlled by their 
competency. Accordingly, serpenti nites are devoid of gold 
deposits, whereas 75 per cent of the gold has been produced 
f r om deposits within greenstone and epidiorite . Banded iron-
st ones and granitic rocks account for 11. 5 per cent and 6 per 
cent respectively, and quartz-schi st and greywackes for 7.5 
per cent . 
The intr usive stocks are not particularly f avourable 
areas as r egards mineralization. Tyndale-Biscoe explains 
that this i s due to the prol onged erosion which the area 
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has suffered, so that the stocks do not r epresent the uppermost 
projections of batholiths so much as deep-seated 1trough cupolas .'. 
In general, broad folds are not favourable sit es for mineraliza-
tion: the best zones of mineralization occur where the rocks dip 
very steeply. The steeply inclined stratification apparently 
provided channels for the passage of ore fluids expelled from the 
deep-seated granite. 
The gold deposits may be referred to four main groups, accord-
ing to their geographical location, and, to a l esser extent, to a 
community of geological char acteristics: 
Sabi~ Group This group lies along a highly mineralized zone 
extending north-west from Gwanda township. The deposits are 
chiefly arsenical impregnations, and the strike and dip of the ore 
bodies conform with those of the country rock. 
!_uli Group These deposits ar e in the southern limb of the syn-
clinal structure, and dip northwards. These are again chiofly 
arsenical impregnations and arsenical quartz reefs . 
Central Group Deposits of this group extend eastwards from 
Gwanda township, and are mostly quartz veins, i mpregnat ions being 
uncommon. The r eefs may ei ther cut across the strike of the 
country, or run parallel to i t. 
~astern Group Her e the deposits are variable in strike, dip 
and composition, and include quartz r eefs and some impregnation 
deposits . Tyndale-Biscoe states that "they have no dominating 
characteristic." The sulphides include many species . 
Statistical Data 
The production data for all mi nes which pr oduced gold in 
the Gwanda area during the year s 1933-1948 wre studied, and 
the tons milled and the ounces of both gold and silver r ecover ed 
by the several methods of treatment r ecorded for each deposit . 
Using only the figure s f or pr oduction by amalgamation, the 
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lOOOAu/ (Au + A g) vaJ.ues were then calculated in order to gain an 
indication of the fineness of the gold in each deposit. In the 
case of the larger producers which made outputs over periods of 
several years, the total amounts of gold and silver produced 
annually by amalgamation were used. Where , however, production 
was small or intermittent, it was in some cases better to break 
the annual outputs down further into monthly outputs in order to 
have sufficient separate lots on which to assess the fineness 
values. Where possible, preference was given to the use of the 
yearly figures. 
Tynddle-Biscoe (p.76) gives the total number of mines 
which have produced more than 1 ounce of gold as 268. This is 
s~ less than the number of deposits actually listed by him. 
The later records show that an additional 44 deposits were brought 
into production subsequent to the date of his writing. The 
actual number of ore bodies discovered and tested is thus of the 
order of 365. Of these, 154 have produced l ess than 100 ounces 
of gold in all, and have accordingly been excluded from consider-
ation in the present survey, on the grounds that this amount is 
not sufficiently r epresentative . Data are presented in Table 1 
r el ating to 150 producers, representing 71 per cent of those 
deposits whose production has exceeded 100 ounces of gold. 
For several r easons , fineness values for the remaining 29 per 
cent could not be determined. Joint declaration of amalgam 
gold and cyanide gold has in many cases rendere~ the r eturns 
valueless for present purposes, while in others ore from several 
adjacent deposits was milled at one central plant. Again, 
many deposits had been exhausted before 1933, which date marks 
the start of the period covered by the present survey. 
The fineness values are given in Table 1, in descending 
order from highest to lowest. The highest and iowest values 
obtained for each deposit are given, together with the total 
number of yearly outputs, or in some cases, monthly outputs, 
taken into consideration. 
Fineness Values of 150 Producers in the Gwanda District •. 
--,--· 
Name of Producer Highest Lowest Number of Fineness Fineness Outputs 
-
Le Touquet 988 943 10 
l13.li 985 917 12 
Ms.rch 984 910 11 
Emerald Isle 982 861. 12 
Daisy 977 933 10 
Gum 977 969 5 
Horseshoe 977 915 25 
Lady Anna 977 913 9 
Svithoid 977 913 9 
Yiv 974 953 9 
Zinge1a 974 954 4 
Victor 2 972 927 7 
Abe 972 930 7 
Cork 971 930 5 
Good Hope 971 948 10 
Ali 970 919 7 
Sinti 970 931 6 
Cheque 969 879 4 
West 969 960 9 
Geduld 968 943 9 
Rattle 968 886 12 
Annie 967 926 7 
Scallywa.g 967 906 4 
Yukon 967 944 4 
Minx 966 880 10 
Coronet 965 938 8 
Gorge 965 861 4 
Namara 965 B94 6 
Only 965 922 15 
Borrow 964 952 10 
Zonda 964 865 18 
Peregrine 963 931 6 
Black Snake 962 812 5 
Annette 960 896 12 
Bunnyruth 960 918 10 
Ponkwana 960 938 13 
Barts 959 946 3 
Betty Uatson 959 936 3 
Double Crown 959 825 12 
Dyke 958 915 5 
Chance 957 929 5 
Joy 3 957 888 13 
Xanthic 957 944 7 
K.K. 955 907 14 
Ore 955 918 13 
Champion 954 904 6 
Lady 954 899 3 
Wallaby 954 899 5 
Mazeppa 952 893 17 
M1ala 952 904 13 
Bucks Reef 948 879 15 
Bikker s Luck . 947 938 5 
Primus ·947 927 5 
Doper 2 946 921 5 
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Name of Producer Highest Lowest Number of Fineness Fineness Outputs 
-- -
·-
B.E.F. 945 894 5 
Baltimore 944 905 10 
Tiger 944 922 3 
Princess Bet t y 943 867 5 
River side 943 908 13 
Banshee 942 848 10 
Lima 942 877 20 
fiT II 942 924 4 
Mabel IN 941 905 15 
Freda 940 936 8 
G.G. 940 919 14 
None- go-bye 939 836 5 
Mar y and·A1i ce 938 894 9 
Port 937 899 6 
Cheerio 936 871 9 
Minni e s Luck 936 884 23 
Rosy Morn 936 906 4 
Unrel iance 936 903 11 
Monaco West 933 906 6 
Grani te 932 892 8 
Horn 932 866 21 
Tide 932 886 4 
Zephyr 932 894 14 
Sabiwa 931 887 17 
Bye- and-Bye 2 930 898 8 
Chaka 930 891 4 
Venus 930 914 9 
Bi g Ben 929 921 5 
Gee1ong D 929 868 3 
King John 2 929 921 3 
Boulder 928 856 7 
Cobr a 928 86.2 3 
Farvi c 9.27 883 13 
Kameel 9.27 864 14 
Kohler 927 914 3 
Dans Luck 926 891 15 
Rolls Royce 9.25 901 14 
Act 924 897 10 
Jennie 924 879 17 
Mal ut i 924 883 11 
Prince Olaf 923 900 31 
Win jon 923 865 4 
Sphere 922 913 4 
Drift 921 881 5 
Jethro 921 909 13 
Long John 920 882 .25 
Joy 919 888 7 
Smilor 919 815 6 
Goelong 918 899 7 
Assam 917 876 4 
Bushy Park 917 895 1.2 
Msasa 916 872 3 
Longhurst 915 90.2 9 
Redwick 915 899 3 
Lady Lina 913 850 17 
Fai th 912 876 7 
Blanket A 911 901 10 
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Name of Producer Highest Lowest Number of Fineness Fineness Outputs 
--
1----
__ ,___, 
Prince 909 863 11 
Val 909 872 11 
I .D.T. 908 862 9 
Scraam Boom 908 828 4 
Abercorn 905 892 7 
Great Abercorn 904 847 8 
Ettrick 903 879 5 
Blanket 901 896 4 
Cleveland 901 8?6 8 
Imani 901 8?6 3 
J ean C 899 868 11 
Riverbank 899 878 6 
Golduck 898 794 14 
Lone Hand 897 882 6 
Sally 897 841 19 
Scaynes Hill 897 826 3 
Standard 892 864 ~9 
Tuli 891 775 10 
Bena 883 840 14 
Gift 880 858 6 
Penzanco 880 873 9 
Bunny 1 s Luck 879 829 8 
Galatea 878 846 8 
Yadkin 874 843 7 
Caberfeidh 864 820 6 
Coat bridge 863 800 4 
Black Mamba 862 770 9 
Auric 860 809 .3 
Bas sick 859 838 7 
Nicholson 859 802 27 
Mogul 840 699 1.3 
Queen of Sheba A 839 607 .3 
Jessi e 8.1.9 600 7 
Pats 8.1.8 814 .3 
New Jess 813 463 6 
Valley 797 685 20 
Thorleen 765 717 9 
L. and J, 755 503 7 
London Wall 6.38 244 5 
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Fig. 1-A is based on the data of Table 1, and shows in graph-
ical form the frequency of occurrence of different fineness 
values. The significant figure for each deposit has been taken 
as the highest fineness value recorded in each case• This 
procedure is fully justified in a later section, where it is 
shown that, for many deposits, there is a characteristic 
maximum fineness value. An added advantage is that this also 
guards against the accidental incorporation of additional 
silver due to decomposition of silver sulphides. The chief 
source of inaccuracy in the data is likely to be the effect of 
supergene refining of gold, a factor whose potency it is 
impossible to estimate. 
For purposes of comparison, the range in fineness values 
shown 0y the smaller number of producers in operation during 
the shorter period 1938-1948 is illustrated in Fig. 1-B. The 
differences between Fig. 1-A and Fig. 1-B are slight, even 
although the first represents nearly twice the number of pro-
ducers. This suggests that the data are in fact truly 
characteristic of the area, and not unduly influenced by 
extraneous factors which have not been taken into account. 
lP!grpretation of D~ 
From Table 1 it is clear that the average fineness of gol·d 
produced in the Gwanda area is high. Bl per cent of the 
deposits yield gold above 900 fine, while in 95 per cent this 
value is above 850. Only a very small proportion, 2.6 per 
cent of the total number of producers, yield gold of exception-
al purity, which is above 980 fine, As a first conclusion, 
it can be said that the Gwanda area is in line with other 
areas yielding gold of deep-seated origin, in that the gold 
is of high fineness (see Fisher, 1945). 
It is significant that in Table 1, which is based on close 
upon 1,400 separate calculations of fineness values, there are 
only two outputs in which the amount of silver in the amalgam 
bullion exceeds the amount of gold, These two outputs st em 
from two deposits in which fineness is ~ any event low. These 
facts suggest that silver, either native, or as sulphides, is not 
pres3nt in more than small amounts in the Gwanda deposits. If 
silver were more widespread in occurrence, it would be expected 
that more than an insignificant proportion of outputs would show 
fineness values below 500. Fisher (1945) has stated that fineness 
values below 450 indicate th&t additional silver has been incorpor-
ated with the bullion, for in nature a fineness of 450 appears to 
be the lower possible limit. By this criterion, silver might be 
present in only one or two deposits in the area. 
It is further brought out in Table 1 that fineness in any 
particular deposit is seldom a rigidly characteristic figure, and 
that variations of 100 parts per thousand are by no means uncommon~ 
These variat ions appear in both annual and monthly outputs, and 
are seldom regular or predictable. 
In Fig. 2 (at end) the producers in the Gwanda area have been 
located on a simplified geological map adapted from that of 
Tyndale-Biscoe (loc. cit.). A colour code enables the range in 
fineness values within each group to be read without difficulty. 
Several conclusions may be drawn from a study of the figure. 
It is clear that there is no zonal arrangement of deposits show-
ing different degrees of fineness, although there is a general in-
crease in the number of deposits with low fineness values, in an 
easterly direction. There is no relationship between the fine-
ness and the distance of deposits from the granite contacts. 
For exampl.;, the deposits of the Tuli group, which lie close to 
the grani te contact, are mostly characterized by gold of high 
fineness, 1o1hereas those of the Eastern group, which may lie 
equally close to granite, are generally of lower fineness. 
Finally, it is clear that the nature of the host r ock has not 
i nflue:q.ced the fineness of the gold. Gold of high or low 
quality may occ1~ in each of the several rock types. 
These conclusions , although negative in character, 
are neverthdess of considorable value, in that certain factors 
can a~arently be -excluded from consideration in this study. The 
fundamental causes of the variations must be sought elsewhere. 
!he Four Groups of Deposits 
The frequency of occurrence of different fineness values in 
the four groups of deposits is represented in Fig. 3. Each group 
shows different characteristics, but in the Sabiwa and Tuli groups 
the gold fineness varies less widely than in the other two. The 
greatest r ange is found i n the Eastern group. There is a 
suggestion that the Central group contains deposits of t wo distinct 
types, one of which may be identified with the mineralizat ion more 
characteristic of the Eastern group. It is not inconceivable 
that two slightly different phases of mineralization are represent-
ed here. 
It i s significant that a tentative correlation may be drawn 
between the degree of variation i n fineness, and the diversity of 
mineral specios in each group. It was quoted earlier that the 
Sabiwa and Tuli groups are characterized by arsenical impregna-
tions, whereas the Central group shows greater variety. The 
Eastern group is a heterogeneous assemblage in which the quartz 
r eefs display a variety of minerals. It may be concluded from 
these broad considerations that a search for a relationship 
between fineness and the type of mineralization offers the most 
promising field for further study. 
""ll 
-~ 
to 0 
!.,'90- 1000 (;)..,.., 98C - 98.9 
0 0 ::0 970 - 979 r:::Ofll 
00 g 960 - 969 
fll(TJ 950 - 9'5J CPu z 
fl1 0 () 94C - D49 
r l/'1 -< 
-;- 930- 93S 
. -I 
l/'10 il20- 92S _.., 
z 
., 
-10 z 
£:10 - 919 
I() fTl 900- 909 
fl1() z 
c rTl 89C - 899 
::0 l/) 
.S:::o l/) 880- 889 
)>fll 870- 879 
-z ~ Z() 860 - 869 
fl1 r 850 - e59 G'l c 
::oo fT1 840 - 849 o., l/) 
c 836 - 639 
""'0'1 820- 629 U)-
- z 
fl1 610 - 819 
F 
c: 
~ 
... 
I 
QZ 800- 809 ~~ 790 - 799 z ' fj 
780 - 789 0...--
l>j;. 770- 779 
r 
c 760 - 769 
m 
'J) 750 - 759 
i 
I\) 
0 
JTl )> 
~ 
ITl 
::0 
z 
G'l 
::0 
0 
c 
""0 
PERCENTAGE OF PRODUCERS IN DIFFERENT GROUPS 
~ 
0 0 
.. 
• 
I\) 
0 
() 
fTl 
z 
-I 
::0 
)> 
r 
(j) 
::0 
0 
c 
-o 
~ 
0 0 
I\) 
0 
-I 
c 
r 
-
G'l 
::0 
0 
c 
""0 
0 
~ 
0 
-
I\) 
0 
l/) 
)> 
(p 
~ 
G'l 
::0 
0 
c 
""0 
-35-
CHAPTER IV. 
VARIATIONS OF FINENESS IN SOME TypiCAL DEP0Sl1S 
;wtroducti.Q!! 
In this section the variations of fineness and apparent 
fineness in some typical Southern Rhodesian deposits are described. 
Special emphasis is laid on those features, such as the fluctua~ 
tions i n the grade of the ore bodies, and the association of gold 
with different ore minerals, which appear to be r elated to the 
changes in the silver content of the gold particles. 
In some of the deposits the mineralogy of the associated ore 
minerals has been investigated more fully than in others, but, 
throughout , the occurrence of the gold itself has r eceived most 
attention. In particular, the textural relationships between 
gold and t he other ore minerals have provoked close study. 
Details r egarding the structure of the ore bodies have been 
summarily dealt with, as there arc no indications that these are 
of importance in the present study, except in an indirect vray. 
The deposits which are described wore not singled out for 
special study i n the hope that they would lend support to any 
preconceived ideas. They represent, rather, deposits with which 
the author happened to become familiar during the course of field 
work, or which showed promise of yielding interesting information. 
The Lonely mine, which the writer has not examined under ground, 
as it was closed many years ago, was included because sufficient 
statistical data were available to make the study worthwhile , 
and because earlier references had specifically called attention 
to the changes in gold fineness . The mines discussed here 
r epresent, then, a random sample . 
At the end of the section which deals with the case 
histories of local deposits, brief reference is made to other 
investigations carried out in other mining fields, in which the 
findings are of special interest. 
The work described here constitutes the 1backbone ' of this 
research project, and the disproportionate length of this 
chapter may perhaps be condoned on these grounds. Abstracts 
which outline the salient features of each deposit are given 
for the convenience of the r eader who does not wish to follow 
the course of each separate examination. 
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A • ~OLYMPUS MINE 
Abstract. 
The variations in the fineness of the gold are 
studied in some detail. From the production data it is 
clear that the fineness of the gold in the two main ore 
shoots is different, and also that an increase in fine-
ness i n each shoot can be correlated with an increase in 
the average gr.ade of the ore. Experimental sampling 
carried out underground confirms this conclusion. Tho 
study of polished sections reveals that even in small 
specimens of ore the silver content of gold grains varies 
widely, and that the gold which precipitated at an early 
stage contai1:.s mor e silver than that which precipitated 
late. This late gold, t.Jhich may be intergrown with 
tellurides, or which occurs as discrete particles, may 
contain very litt l e silver. The variations in grain 
size of gold grains are described., 
Introduction 
The Olympus 11i.ne is located 25 miles from Mtoko in the 
north-east corner of Southern Rhodesia. The deposit was first 
explored and developed in modern times at the beginning of this 
century, but •Jxtensive shallow workings show that it had been 
discovered ann worked at some much earlier date by the unknown 
people usually referred to as the 1ancients 1 • 
A brief description of the mine appears in Macgregor's 
account of thD geology of the district (Macgregor, 1935), 
and its locati on is shown on the geological map accompanying 
the report. In 1956 the writer spent one week mapping and 
sampling the underground workings, and the account which follows 
is based on this work. Shortly after the examination of the 
mine had been completed, the mine was closed down. 
Brief Outline of the Geology 
Two ore shoots, t ermed respectively the Olympus and Old 
Umbrella Shoots,arc located about 700 feet apart in u long 
zone of shearing and mineralization extending in the Basement 
rocks for several thouuands of feet north-west of the Siram 
claims. The average strike-lengths of these shoots are , 
however, only 350 feet ru1d 500 feet respectively. In detail, 
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bifurcation of the zone of shearing is common, the main mineral-
ized zone sending off tongues into the country rock, while in 
the Umbrella section the strike swings to northerly for a dis-
tance of 200 feet where the mineralization follows a well-defined 
shear trGnding obliquely to the general strike. Dips vary 
between 50 and 70 degrees to the south-west, the average being 
close to 65 degrees. The country rock is a Primitive lava 
showing excellent pillow structures. In the Olympus section 
a medium-grained, acid dike trends parallel to the shear zone 
and locally constitutes the country rock, while in the Umbrella 
section an intrusion of quartz porphyry, older than the ore, 
is found on all levels. Several basic dikes are also found in 
the workings. The minor intrusions appear to have been intru-
ded at some stac;e bet\oreen the initiation and cessation Jf 
shearing, but appear to be older than the ore, and it is worth 
noting that the better-mineralized sections of the shear zone 
are contained within or lie close to the acid inGrusions, 
suggesting some form of control of ore deposition. 
The shear zone pinches and swells from a few inches to 
several feet in width, and within it mineralization takes the 
form of coarse-grained chalcopyrite, pyrrhotite and less 
abundant pyrite in a very hard, brittle and generally fine-
grained vein quartz. Macgregor noted that mispickel was 
found in the unoxidized ore within 100 feet of the surface, but 
this mineral has not been observed in depth by the writer. 
The richest s=Jctions of the reef show a core , two to three feet 
in width, of coarse sulphides and quartz, within the zone of 
shearing. Away from the ore shoots, the core shrinks to a 
thin, discont:i.nuous quartz stringer with a very erratic gold 
content. In a few sections of the workings sulphides occur 
ru aaeminated Ghroughout the shear zone and extend into the 
weakly sheared walls, giving abnormal widths of ore in excess 
of eight feet. 
The gold occurs chiefly in the quartz-sulphide core. 
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Assay values are erratic, ranging from l oss than a pennyweight 
to nine ounces p0r ton. Values in the sheared rock enclosing 
the quartzrore seldom exceed 2 dwt. gold per ton. 
The two shoots have yielded slightly less than 100,000 
tons of ore from which an average of 3.9 dwt. gold per ton 
of ore has been recovered. The average value of the mill r es-
idues is clos~ to 1.2 dwt./ton, indicating that the average 
tenor of the ore is 5.1 dwt./ton. Copper has also been pro-
duced as a by-product. 
At the time of the writerrs visit development had reached 
the 6th level. The sampl es on which the labora tory work was 
conducted l.-Tere taken from the 5th level at approximately 320 
feet, on the incline, from surface. At this l evel the ore 
is hard and unoxidized, and super gene ef fects are not seen • 
.&nalysis of :Mine Records 
---
Detailed r ecords are available only for the period January 
' 
1954 •· July 1956. Prior to this, no detailed r ecords were 
kept, and the mine closed down in the l atter half of 1956. 
The gold was r ecovered by amalgamation and flotation. 
Appro:ximately 50 per cent was recovered by barrel amalgamation 
of a first- cut strake concentrate , and the remainder in a 
flotation concentrate rich in chalcopyrite. The latter con-
centrate was sold without further treat ment on the property . 
The total r ecovery was on the average r ather less than 80 per 
cent of the total gold in the ore . 
The r el evant statistics abstract ed from the det ail ed mine 
r ecords are shown in Table 2. In this, Column 1 gives the 
value 100GA.u/(Au + Ag) (i.e . true f ineness of gold) calculat ed 
from t he analyses of the gol d r ecovered from both shoots by 
amalgam 1 ti on. Column 2 gives the est imat ed monthly grade of 
ore nlled, in dwt./ton; thi s is based on the sum of the 
total r eeovery from both shoots plus the content of gold in 
the mill residues . In Column 3 is given the percentage of 
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gol d contributed by the Olympus shoot, and in Column 4 the 
esti mate of the average grade of ore from that shoot, a value 
based on sampling. Columns 5 and 6 give simil ar data for the 
Umbrella shoot. These l atter figures were obtained by cal-
culation based on the detailed underground records, which show 
for each month the tonnage and estimated grade of ore yielded 
by each section of the workings. 
TABLE 2 
~~us Mine Production Data 
-~-~I.i· - r6. --Column:- 1. 2. 5. 
- ----
1~"Nra.ge Olympus ·Shoot Umbr ell a Shoot 
Period Fine- Grade Per cent Grade Per cent . Grade 
ness dwt./ton of gold dwt./ton of gold dvt ./ton 
- -
1 954 Jan 861 5.3 97 5.2 3 n.d. 
Fob. 875 3.9 96 4.8 4 n.d. 
Mar. 872 5.9 96 5.1 4 n.d . 
Apr. fr'/4 5.5 100 5.5 0 n.d. 
May 868 5.2 88 5.9 12 n . d . 
Jun. 860 6.1 92 5.4 8 n . d . 
Jul. 860 4.5 89 5.2 11 n.d. 
Aug. 856 4.9 91 5.2 9 n.d. 
Sep. • 863 5. 2 96 5.1 4 n.d . 
Oct. 855 4.9 77 5.0 23 n.d. 
Nov. 839 5.0 79 4.9 21 n.d. 
Dec. 8L:-3 4.8 70 5 .. 0 30 n.d . 
1 955 Jan. 850 4.7 77 4.8 23 n.d. 
Feb. 837 4.8 65 5.4 35 4. 8 
Mar. 837 5.4 33 n.d. 67 5.7 
Apr. 809 6.4 7 n. d . 93 5.7 
May 821 5.9 12 n.d. 88 6.1 
Jun. 816 6.2 ll n. d. 89 7.0 
Jul. 826 6. 2 12 n . d. 88 7 .. 3 
Aug. 784 6.9 17 n. d. 83 4:.9 
Sop. 787 6.1 6 n.d. 94 5.2 
Oct. 801 5. 3 6 n.d. 94 5.1 
Nov. 810 3.7 4 n . d. 96 5.0 
Dec . 818 4.0 33 n.d. 67 5. 5 
1 956 Jan. 827 3.7 25 n. d. 75 6.0 
Feb. 832 5:. 3 n .d n.d. n . d n.d. 
Mar. 841 5. 3 18 n.d. 82 5.8 
Apr. 823 5.5 9 n . d. 91 5.7 
May 789 4.0 20 n. d . 80 4.8 
Jun. 787 5. 3 10 n.d . 90 4 .9 
- -
The data in Table 2 have boon used in tho construction of 
Fig. 4, wher e the fineness of the amalgam bullion has been 
plotted against the proportion of gold contributed by the 
Olympus shoot in successi ve months. This proportion ranges 
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from 4 to 100 per cent, and the fineness varies from 784 to 
877. It is clear from the figure that as the proportion of 
gold contributed by the Olympus shoot increases, the average 
fineness increases. This rule is most closely adhered to when 
the proportion of gold contributed by the Umbrella shoot is 
small1 when the proportion of Umbrella shoot gold exceeds 50 
per cent the plotted points are more scattered. 
Closer examination of Fig. 4 reveals further interesting 
data. Where more than 60 per cent of the gold is yielded by 
the Olympus shoot (upper-right sector of diagram) the plotted 
points lie, within acceptable limits of error, close to the 
mean straight line. Considering the diff iculties encounter-
ed in compiling accurate underground records, closer corres-
pondence than this is not to be expected, The average tenor 
of ore in this shoot was 5.2 dwt./ton, and the maximum varia-
tion from 4.8 to 5.9 dwt./ton. In the Umbrella shoot, 
however, the average grade of ore varied more widely, from 
4.8 to 7.3 dwt./ton, and inspection reveals (lower-left sector 
of diagram) that where the average grade of ore from that 
shoot was in any month particularly high, the average fineness 
of tho gold recovered was also high, and the corresponding 
plotted points lie well above the projected straight line. 
Similarly, points which lie close to the proj ected straight 
line represent months during which the average grade of ore 
from the Umbrella shoot was close to 5.2 dwt./ton. The 
average grade of Umbrella shoot ore for the nine monthly 
outputs which, when plotted as above, l ie furthest from the 
projected mean straight line , is 6.1 dwt./ton. The r emain-
ing six, which lie closest to the strai ~ht line, average 
close on 5. 2 dwt./ton. There ar e , however, two months 
during which the average f ineness was particularly high, 
although the average grade was not correspondingly high; 
these do not conform to the general rule, and other factors 
might have been r esponsible for the discrepancy. 
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Making use of these facts, it is possible to apply an 
empirical correction to those points lying in the lower-left 
sector of Fig. 4, so that nearly all come to lie, within 
rea sonable limits of error; along a straight line. Inspec-
tion shows that an increase of 1 dwt./ton over the average 
grade of 5.2 dwt-./ton is marked by an increase in the gold 
fineness by about 30 - 35 parts per thousand. Allowance 
can then be made for this factor by either adding or sub-
tracting from the average fineness, as the case demands, the 
value 30 + (log 5.2 "'X).30, where •xr is the grade of the 
Umbrella shoot ore for any particular month, and provided 
that 5 .. 2 v.X is not less than 0.1. Corrected values are 
given in Table 3, Replotting of the data, as in Fig. 5, 
shows that all points, excepting those two previously mention-
ed, now lie approximately along a straight line. No part-
icular significance is attached to the formula suggested 
above, except that it illustrates that ·variations in gold 
fineness can be correlated with variations in grade. 
Table 3. 
Fineness Values Corrected for Variations in Grade~ 
Grade of Correct- Per cent 
Average Umbrella Correction ed of 
Period Fineness Shoot ore Fineness Total 
dwt./ton Gold 
--
--1-· 
1955 Mar. 83'7 5.7 -21 ffi.6 67 
Apr. 809 5.7 -21 788 93 
May 821 6.1 -28 793 88 
Jun. 816 7~0 -38 778 89 
Jul. 826 7.3 -40 786 88 
Aug. 784 4.9 14 798 83 
Sep. 787 5.2 0 787 94 
Oct. 801 5.1 0 801 94 
Nov. 810 5.0 9 819 96 
Dec. 81.8 5.5 -14 804 67 
1956 Jan. 827 6.0 -27 800 75 
Feb. 832 n.d. 
Mar. 841 5.8 -23 818 82 
Apr. 823 5.7 -21 802 91 
M9.y 789 4.8 18 807 80 
Jun. 787 4.9 14 801 90 
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The data of Table 2 may be used, as in Fig. 6, to demon-
strate in another way that there is a r elationship between 
fineness and tenor, although it is by no means exact. In 
-z: 
order to minimi¢e the effect, on the composition of the gold, 
of mixing ore from the two shoots during milling, each plotted 
point in Fig. 4 was projected parallel to the mean straight 
line to the ordinates representing either pure Olympus shoot 
or pure Umbrella shoot ore, and its corrected fineness read 
off. These corrected fineness values vTere then plotted against 
the grade of the ore yielded by that shoot for each month, as 
in Fig. 6. It is seen that there is a tendency for points 
representing Umbrella shoot ore to be aligned along a curve, 
but in the case of the Olympus shoot, where the average grade 
varied by only small amounts, the relationship is more obscure. 
The slope of the curve for the Umbrella shoot indicates that, 
for an increase of 1 dwt./ton, the average fineness increases 
by about 35 parts per thousand. In the study of several 
other deposits a similar tendenqr has been observed: where the 
grade varies widely the r el ationship between it and the fine-
ness is clearest, but where the variations are small other 
factors assume greater importance. 
~erimental Sampling Data 
The examination of the results of assay determinations 
carried out on samples collected at the mine by the \~iter l eads 
to the same conclusions as analysis of the mine r ecords. 
Channel samples taken across the ore body on the 5th 
level of the Olympus and Umbrella sections were assayed for 
gold in the normal way. Each sample , sever al pounds in weight, 
z. 
was then passed through a mechanical pulveri¢er and carefully 
panned to a smaller bulk. This heavy concentrate was then 
assayed for both gold and sil ver, and finally the value 
1000 Au/(Au + Ag ) calcul~ted . This latter figure is the 
1apparent fineness' as earlier defined, and is not necessarily 
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the same as true fineness, unless gold and silver occur in the 
ore in no form other than that of the natural alloy. Tie data 
are summarized in Table 4, and in Figs. 7 and 8 the assay values 
of the samples before panning have been plotted against the 
apparent fineness values. 
The data are adr.~ttedly scanty, but sufficient to indicate 
quite clearly that apparent fineness ~ies sympathetically with 
tenor. In co~on with diagrams of this type for other deposits, 
most of the plotted points lie close to a curve with a positive 
slope, while those remaining lie scattered above it. None, 
within tolerable liBits of error, lie below it. So character-
istic is this disposition of plotted points in this type of 
diagram, as will be shown in the succeeding text, that, apart 
from indicating the general correlation between fineness and 
tenor, it also shoVJS-that high fineness may not uncommonly be 
associated with low-intensity metallization, while richer metal~ 
lization is seldom characterized by gold of low fineness. 
Special attention is directed to a further aspect brought 
to light in Table 4. Samples taken at intervals of only a 
few feet show apparent fineness variations as great as those 
between samples 50 feet apart. There is no serial change 
alo~~g strike, and the exact location of the sample is of little 
assistance in the determination of which factors influence 
variations in fineness. 
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Table 4 
Assays and Apparent Fineness Values of Samples from Olympus 
r---·-
Sample 
Location 
-
p + 0 ft. 
5 II 
20" 
25 .. 
40 It 
6011 
75 II 
90 II 
100 u 
115 II 
125 u 
135 II 
145 II 
r----
s + 0 ft. 
5 II 
10 " 
20 II 
25 tl 
30 II 
3(>1Y 
50 II 
55 II 
T + .3 ft. 
13 11 
18 11 
28 11 
38 II 
4.3 11 
and Umbrella Shoots. 
Olympus Shoot 
Sample Assay 
(dwt./ton) 
Cone. Assay 
(dwt,/ton) 
Gold Silver 
·-
23.6 984.6 200.9 
20.6 150.0 21.8 
17.8 525,6 178.1 
24.2 269.5 60.0 
24.2 181.5 36.5 
44.6 9061.7 710.6 
31,0 413.5 69.6 
4.3 105.1 46.7 
5.4 476.0 110.9 
3.4 70.8 34.3 
.3.0 104.0 .30.3 
9.2 343.4 60.7 
9.6 470.8 35.1 
!lmbrella Shoot 
10.7 76.4 
6.1 98.3 
28.2 
26.4 
4.8 50.6 .38.0 
2.8 33.9 22.2 
5.7 172.9 121.4 
19.6 258.6 58.4 
10,7 189.5 80.2 
4.9 168.7 180.3 
5.2 28.6 10.3 
1,8 15.4 13.4 
1.7 93.4 '$). 7 
5"4 48.7 38.9 5.7 49.4 43.0 
7.0 122,6 52.6 
11.2 86.6 .36.0 
Value 
1000 Au 
(Au+ Ag) 
830.5 
854.6 
746.9 
817.9 
832.5 
927.2 
855.9 
692.3 
811.0 
673.6 
774.3 
849.7 
930.6 
730.4 
787.0 
5'71.1 
604.2 
587.4 
815.7 
702,6 
483.3 
735.2 
5.34.7 
648.1 
555.9 
534.6 
699.7 
706.3 
While Figs . 7 and 8 are essentially similar in 
general features, the details in 1-1hich they differ are of 
interest. The mine records show that the true fineness of the 
Olympus shoot gold is higher than that of Unbrella gold) 
experimental sampling shows that the same is true for apparent 
fineness, although the differences are exaggerated. It will 
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also be noted that the slope of the curve for the Olympus shoot 
is less steep than that for the U~brella shoot. That is, as 
tho average fineness decreases, the change in fineness concoo-
itant with change in grade becomes very much more marked, and 
the curve tends towards vertical as it approaches the origin. 
This feature is again comnon to diagrruas of this type depicting 
numerous other deposits. It may be concluded that where the 
fineness is low, the fineness-tenor relationship is more 
obvious than when it is high. 
Finally, it will be noted that the variations in apparent 
fineness for each shoot are very much greater than the monthly 
outputs would indicate. For example, the variation in appar-
ent fineness in the Olympus shoot is 250 parts per thousand, 
whereas it is only 40 parts per thousand in terms of true fine-
ness. This can partly be explained by an inevitable 'averag-
ing-out' which t akes place during the recovery of a monthly 
output; sr.Jall so.mples are understandably more likely to show 
the maximum variation. Justification for this conclusion 
appears in the succeeding section devot ed to the mineralogy of 
the ore, where it is proved that the purity of the gold may 
be difforonf. . m groins even less than 1 r::nn: apart. 
The~dence of Polished Sections 
Although the oineralogy of the ore is relatively simple, 
a n~ber of interesting aspect s emerge. irn particular, the 
microscope has been an indispensable tool in studying the var-
iations in the character and occurrence of the gold. The 
degree of oxidation of the specimens is seen to be negligible, 
and supergene processes have lef't no itJpr int on then . This 
latter fact is of importance in that the correl<tion between 
tenor and finenes s is shown to be of hypogene origin. 
(a) Mineralogy and Mineragro.~ 
~~ appears to have been the first sulphide to 
crystallize, and is found as rounded or irregular grains 
-47-
largely repl aced by younger pyrrhotite and chalcopyrite, 
~yrrhotite is abundant, being the most common sulphide in the 
ora, and r anges in size from microscopic grains to masses 
several centimetres across, which are seen, between crossed 
n 
nicols, to be a mosaic of smaller grains. The ajrl.sotropism, 
reaction with etch r eagentp and colour appear to be normal. 
Qh~~i~, although less abundant than pyrrhotite, is 
fcund in all specimens, and favours the interstices between 
pyrrhotite crystals, or occurs abundantly as discrete crystals 
wholly surrounded by quartz, It has replaced the pyrrhotite 
in places, particularly along grain contacts, and oay then show 
the convex surfaces typical of caries t exture . Intergrown 
with the chalcopyrite is Qubanite (CuFe2s3) which is rather 
more pink in colour, ~oderately anisotropic, and unreactive 
towards the standard etch reagents, The cubanite is easily 
distinguished fro~ pyrrhotite in that it shows hardly any 
r elief against chalcopyrite, whereas pyrrhotite is perceptibly 
harder. Cubanite is also oore brittle than chalcopyrite, 
and requLres nore prolonged polishing to remove all pits. 
The cubanite characteristically occurs as thin plates or 
lanellae which reach a QaXimuo thickness of perhaps 200 
microns, but are nore commonly close to 10 microns thick. 
The lamellae are perfectly straight, and their length nay be 
up to 200 times greater than their width. These occur in 
creat profusion in the chalcopyrite, lying exactly parallel 
in any one host grain, in Hhich they nay extend fron J:Ja.rgin 
t o oargin with unchanging •Jidth, or taper towards the edges 
(Plate I). The proportion of chalcopyrite to cubanite var-
ie s greatly, and either may locally be dominant, although 
the l atter is usually quit0 subordinate. Rare inst ances 
show areas of cubani te, without chalcopyrite lamellae , 
moulded on pyrrho~ite , and grading through a zone of alter-
nating l amellae to chalco~yrite without cubanite lanellae. 
Apart from a possible slie~ht preference for the cores of 
Plate I. 
Fi~.l. Intersecting exsolution lamellt-.e of cubani te 
(dark) in chalcopyrite (liP;hter). Etched 
with dilute ~CljCrC3 . x 360. 
Fi~.2 . Transition from cubanite (derk) to chalco-
pyrite (light) uith intermediate zone in 
which t he two minerals occur as alternatin~ 
lamellae. ·:r ote tauerins of exsolution lam.::. 
ellae towards marg ins of crystal. ~tched 
with dilute HC1/Cr03. x 36('·. 
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chalcopyrite crystals, isolated cubanite lamellae nay occur in 
any part of the host crystal, There is no tendency for it to 
migrate along crystal boundaries, and the cubanite is clearly 
an exaople of exsolution. No minerals having the properties 
of valleriite or chalcopyrrhotite were found. 
A younger generation of mr,rhotite is present, and it is 
believed that this is due to cxsolution. This occurs only in 
intimate association with chalcopyrite, as spindle-shaped in-
elusions which do not appear to exceed 10 nicrons in width 
(Plate II, Fig. 1). Although at best it is an exceedingly !are 
constituent of the ore, it is Qost likely t o be f ound where 
exsolved cubanite la.IOOllae are abundant: here the pyrrhotite 
spindles lie parallel to the cubanite lamellae, although they 
do not show perfectly straight margins as the latter do. 
In such areas there is also a tendency for this younger 
pyrrhotite to segregate around any chance inclusions of older 
pyrrhotite in the intorgrowth. In general the tendency to 
segregate along crystal margins is strong, and the younger 
pyrrhotite may not uncommonly be found along quartz-chalco-
pyrite contacts, as l enticular patches a few nicrons across 
(Plate II, Fig. 2). Although it is believed that this 
younger pyrrhotite is due to exsolution, the possibility that 
it is due t o replacement at a later stage cannot be ignored. 
The distinction between the two varieties is r eadily drawn 
according to the properties listed below. 
Property Older Pyrrhotite Younger Pyrrhotite 
Pleochroisn Not perceptible Distinct, pal e rose t o 
grey-brown 
Anisotropi SIJ. Moderate Intense 
Polarization mue-grey and Blue-white and 
Colours Orange-brown Orange-white 
KOH r eaction ~ositivc, strong Positive, weak 
.....,.._--~ 
Fig.2. 
I-late II. 
Chalcopyrite and cubanite (medium-a;rey and 
dark-~rey bands) 1,vi th youn?;er pyrrhotite 
(\·rhite and black) blebs and plates in reg-
ular orientation. Texture probably due to 
exsolution of youn~:;er pyrrhotite from chalco-
pyrrhotite durin~ transformation to cubanite. 
Older, \veakly anisotropic -pyrrhotite ( li-=sht-
~rey with hi~h relief) fills rewainder of 
field. t;icols sliq;htly uncrossed. x 360. 
YounP:;er pyrrhotite (white, centre of field) 
alon~ contact beti-.reen quar tz (black ) and 
chalcopyrite - cubanite interq;r owth. Probabl y 
due to exsolution and se;:>;ret?;ation towards 
mar~ins. Crossed nicols. x 360 . 
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Sphalerite is present in ninor anount, always associated 
with chalcopyrite, and showing 1nutual boundaries 1 against it, 
or replacing it. In r are cases, a very fino-grained exsolution 
of chalcopyrite from sphalerite occurs, 
Tellurides occur sparsely in the ore, always as minute 
grains which are found in the quartz, moulded on sulphides, or 
in fractures in the sulphides, Due to the small sizes of 
grains and their softness, identification may be tedious, but 
where sufficient quantity can be gouged from the polished 
surface for microchenical tests, the reaction with CsCl and KI 
is positive. Several species appear to be present, of which 
This . effervesces 
with 1:1 HN03 , and reacts positively with HCl and FeC13 but is 
unaffected by KCN,KOH or HgC12• The reflectivity was deter-
mined as 53.5 per cent on several grains with imperfact polish. 
This value is within r easonably close correspondence with the 
values given by Moses (56.9%) and Folinsbee (49.1%) 
(Folinsbeo, 1949). The t etradymite can be distinguished from 
the other tellurides present by its silver-white colour and 
strong anisotropism, A mineral of identical appearance and 
reactivity towards etch reagents is tentatively identified as 
~ite, PbTe, but this is of very rare occurrence and may in 
fact be tetrady.cute oriented so that anisotropisn is very weak. 
Crear.~y-yellow ~;J.averit~ (Au,Ag)Te, and grey hessite, Ag2Te, 
were identifi ed by the etch tests anG. physical properties, but 
full confirmation of their presence is attended by the diff1-
culty of finding sufficient mat erial with which to carry out 
the microchenical t ests . In any event, tetradyni te is the 
only t elluride t o occur with any frequency in the ore , 
Chief attention was paid to the gold, which occur s r el a-
t ively abundantly in many spGcimens studied . Its distribution 
i s , however, errati c, and sooe polished surfaces show none at 
all. Fran the variations in its colour it is seen that with-
in even small specimens the fineness i s variable. The 
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characteristics of the gold are more fully described in a 
succeeding section. 
(b) f:a.ragenesis 
Pyrite was the first mineral to crystallize, followed 
by pyrrhotite and then chalcopyrite. Sphalerite and chalco-
pyrite crystallized at the same time, although the former 
' 
appeared first. On cooling, sphalerite exsolved chalcopyrite, 
at some temperature in the region of 350°-400° (Edwards, 1954, 
p.98). Cubani te lamellae are explained by Borchert (Edwards, 
1954, p.l06) by the transformation to cubanite of chalcopyrrho-
tite which exsolves from chalcopyrite between 450° and 255°, 
chalcopyrrhotite being unstable below the l atter temperature. 
The excess FeS in chalcopyrrhotite usually combines with 
chalcopyrite to form more cubanite, but in the case of this 
ore it seems that a younger generation of pyrrhotite has 
been formed which now occurs as oriented lamellae in chalco-
pyrite-cubanite intergrowths, or as segregations at grain 
margins. 
The tellurides were the last of the ore minerals to 
crystalli3i, whereas the relationship of gold to other minerals 
suggests a fairly wide variation in its age. It is consider-
ed that some of the gold started to crystallize soon after 
chalcopyrite had started to form, as it i s now found as 
euhedral crystals included in chalcopyrite; it continued 
to orystallize t o a late stage, when it became intergrown with 
the .tellurides. 
(c) Qharacteristics of the Gold 
In order to study the gold, a number of selected 
specimens were polished with particular care, using l ead 
and solid nylon laps for prolonged periods in order t o 
produce a minimum of relief between gold and tellurides and 
the harder minerals. These specimens were examined by tra-
versing at intervals of 300 microns with high-power objectives, 
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and full notes wer e made on each gold grain as encountered. 
In addition, the dimensions were measured with a micrometer 
eyepiece . The following description is based on these ob-
servntions, but, as the specimens examined were not outstand-
ingly rich, the total number of grains amounted to lass than 
300. 
(.1) Crystal Size and Shape of Gold 
MUch of the gold which is considered to have 
crystallized at a r elatively earl y stage shows crystal faces, 
these grains being platy or octahedral (Plate III). That 
gold which crystallized later, as a rim to sulphides or in 
association with tellurides, does not commonly show crystal 
faces. Veinlets in quartz or in fractured sulphides are 
exceedingly rare, and the shape of most grains tends roughly 
towards equidimensional. Of 200 gold grains, rangtng in 
size from the smallest to the largest encount ered in the pol-
ished specimens, the length to breadt h r atios were determined 
as follows; 
Length/breadth Proportion of 
Ratio -·~otal 
1.0 - 1.5 51 per cent 
1.6 - 2.0 2? II II 
2.1 - 3.0 13 II Tl 
3.1 - 4.9 5 II II 
over 5.0 4 II IT 
In order to determine the range in grain size, the square 
root of the product of length and breadth wa s used to define 
the average dimonsi,on of each grain . As the majority of 
grains have a. low length to breadth ratio, the error introduced 
is probably not serious. In the t abl e below, the percentages 
of the total number of grains of different grain sizes are shown . 
The percentages are r ecorded as cumulative values, and the total 
Fi<?.: . l 
Fir; . 2 
P l a te III 
r+old vvi th crystal faces ·nartly enclosed by 
chalco:pyi'i te at margin with quartz. x 360. 
Euhedral ~rain of gold wholl~ enclosed by 
chalcopyrite. x 360. 
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number of grains measured is 282. 
Sizes of Grains 
in microns 
below 3 
5 
7 
10 
15 
20 
25 
30 
35 
40 
50 
(:J) 
Cumulative 
hrcenW,ge 
16.7 
40,8 . 
57.5 
74.9 
88,0 
93.2 
94.3 
95.7 
97.5 
98.2 
98.2 
98. 6 
Althot~h the conclusion is based on admittedly scanty data, it 
is clear that the majority of grains are small in size, with 
75 per cent of the total number falling below 10 microns. 
Grains of larger size become increasingly more rare. 
(ii) Variations in Gold Fi~ness 
The colour of gold in polished section i s an index of 
its fineness, for pure gold. is golden with a distinctive ruddy 
tint; with increasing proportion of alloyed silver the colour 
changes to yellow and ultimately to a pale silvery-yellow as 
in electrum. Wide vari ation in colour is characteristic of 
the Olympus mine gold, which ranges from a reddish gold (over 
950 fine ) to a pale yellow (approximately 600 fine), Every 
gradation between these two limits can bo seen in even the 
small area encompassed by a single polished specimen, and ex-
treme s of difference exist in grains but a few hundreds of 
microns apart. The spacial distribution of grains of differ-
ent degrees of f i.neness appears quite haphazard, and if any 
direct correlation exists between fineness and grain size, it 
i s ill-defined and unreliable . 
A preliminary search for a possible relationship between 
tho fineness of individual grains and the particular ore 
minerals with which they are associated proved sufficiently 
promising to encourage a more detail ed investigation along 
these lines . Accordingly, the following procedure was adopted. 
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In the absence of any colorimetric apparatus, four shades of 
colour were defined for the gold, as follows: 
Pale Yellow distinctly paler and more silvery than chalco-
pyrite; 
Medium Yellow close to the colour of chalcopyrite, allowing 
for the rather more greenish tinge of the 
latter; 
Golden 
Reddish Gold 
richer and more golden than chalcopyrite; 
golden, with a distinct rudqy tint. 
The scalo above proved to be admirable for this ore , as the 
chalcopyrite is so abundant as to be rarely absent from the 
microscopic field of view. 
While examining each gold grain encountered while travers-
ing the surface, tho field of view should be reduced in size 
by moans of the iris diaphragm and the light source adjusted 
on the ammeter to constant intensity. High power objectives 
only should be used. The surface of the specimen shoula be 
swabbed and wiped at least a half-do~n times with clean linen 
squares soaked in carbon tetrachloride , as the slightest trace 
of oil film on the surface results in colour fringes on the 
grains . The colour of the grain is recorded, and also its 
exact textural relationship towards the associated minerals. 
Thus, the position of the gold grain determines whether it is 
clas sified as 11 di scret e11 or "enclosed by11 or merely 11 a ssociated 
with11 other or e miner als. Gol d grains placed i n the thi rd 
cat egory occur in visible microscopic fractures in the host, 
partially rim it al ong its margi ns or mer ely t ouch it, while 
in the second category grai ns ar c deepl y set in their host 
and no grain boundaries or fractures appear t o inter sect t he 
gold grains . Development of crystal faces i s t aken as evid-
ence i n suppor t of encl osure r at her than possi ble repl acement 
or filli ng of fractures not visible under the microscope . 
While t he shortcomings of this rigid partition of grains 
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into a limited number of groups are obvious, it is considered 
that tho errors introduced by this procedure are l ess serious 
than those resulting from inflexible acceptance of the oft-
quoted rule that gold is invariably the last of the ore minerals 
to crystallize in hydrothermal ores. As stated earlier, it 
is accepted by the writer that gold has heru had a relatiyoly 
long period of crystallization, and has grown side-by-side with 
each of several ore minerals. 
The results of this examination are shown in Table 5. 
In the case of tellurides no distinction has been made between 
11 enclosure" and "associ ation", as these are in any event 
undoubtedly late minerals. Those gold grains classified as 
discrete grains occur in quartz and are not in contact with any 
of tho other ore minerals. The upper figure in each pigeon-
hole of the t able gives the total number of grains, in all 
specimens examined, falling into thatcategory, and the lower 
figure the calculated percent.age of the total volume of gold 
which those grains r epresent . This latter value was obtained 
by assuming that each grain is a cube of side equal to the 
average dimension as pr,)viously determined, and then calculat-
ing the total volume of gold in each category. In order to 
eliminate undue weighting of certain categories due to the 
occurrence in them of a few very large grains, all grains 
larger than JO microns, constituting 4.3 per cent of the total 
number encountered, have been ignored. 
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TABLE 5. Relationship between f ineness (colour) of gold grains and textural relationships with associated minerals. 
Upper figure in each pigeonhole is the number of grains placed in that category while the lower figure 
is the volume percentage of tho whole. 
- -.___,.. .... .  .. 
. - 1-
I Enclosed in Enclosed in Associated Associated with Associated ColoLr I Pyrrhotite Chalcopyrite viith Chalcopyrite or with Discrete 
i ~Sphalerite Pyrrhotite Sphalerite Tellurides ~y~:l . ·- t--· -0 0 1 16 6 25 I i 0 0 o. 12.0 3.0 4.5 
j 
I --- I - · I ! 0 6 5 20 20 32 
Pal 
Med iwa Yellow 
0 1.5 1.0 28.5 12.5 2.0 
0 1 8 5 43 64 
Gol den 
0 0.5 3.·0 1.5 17.0 6.5 
-. 
0 
I 
1 I 0 0 9 20 dis!:. Gold I I 0 0.5 0 0 0.5 5.5 Red 
-l 
0 8 14 41 78 141 
T otals 
0 2.5 4.0 I 42.0 33.0 18.5 
---·-
Totals 
1$ 
19.5 
83 
45.5 
121 
28.5 
30 
6.5 
282 
100.0 
-
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The data of Table 5 are interpreted as f ollows. The 
greatest amount of the pale-yellow gold is associated with the 
chalcopyrite, and smaller amounts occur discrete or with 
tellurides . ~dium-yellow gold is the most abundant type, 
and by .far the greatest proportion of it is associated with 
chalcopyrite, while a small amount is found with t ellurides. 
Golden-coloured gold is abundant, but l ess so than medium-
yellow gold, and the greatest proportion occurs with tellurides, 
a smaller amount occurs discrete, while only minor amounts occtD:' 
in contact with either pyrrhotite or chalcopyrite. GoLd with 
a r eddish tint is distinctly rare, but the greatest amount of 
it occurs discrete, It is of particular impcrtance to note 
that no gold is enclosed by pyrrhotite, and that very little 
even occurs associated with i t. This is to be expected; 
pyrrhotite being a high-temperature mineral of early crystal-
lization, and gold a lower-temperature mineral of somewhat 
later age. It also indicates that replacement of early sul-
phides by gold has probably been insignificant. 
If tho ratio of the number of grains to the percentage 
volume in each pigeonhole in the table is studied, it is clear 
that the coarsest gold is generally associated with chalcopyrite, 
and that the most finely divided gold occurs as cliscrete grains. 
The arithmetical averages of actual sizes based on measurements 
show that the gold associated with chalcopyrite ~verages 18 
microns, whereas that wholly enclosed by chalcopyrite averages 
12 microns. The gold in contact with tellurides averages 9 
microns, and the most finely divided gold, occurring discrete, 
averages 6 microns. 
These two characteristics of the or e - the tendency of 
the purer gold to occur discrete or with .the younger tellur-
ides rather than with chalcopyrite~ and the tendency for the 
grain size of the gold to be grea.te st where it is associated 
with chalcopyr1&3 - are considered to point t o a relationship 
between gold fineness and the stage at which the gold was 
deposited. The following sequenc$ is postulated. Early 
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crystallization of pyrrhotite at high temperatur e was not 
accompanied by the precipitation of gol d. When chalcopyrite 
started t o form, a small amount of gold started t o separate 
with it, and these cryst als were r elatively rich i n silver, 
and small in size. These are now f ound as r ather r ar e in-
elusions in chal copyrite , some of them being euhedral. 
Towards the closing stages of deposition of chalcopyrite, 
conditicns were most favourable f or t he r apid precipitation of 
gol d, and hence relativel y l arge gr a;_ns ar e par ·C.ially inter-
grown with chalcopyrite (Plat e IV, Fig. 1) or occur indenting 
the outer margins of it. This gold was purer than that 
deposited earlier. The purest gold was deposited l at e , and 
i s hence intergrown with tellurides (Plate IV, Fig. 2 ) or 
occurs as discrete granules. The t emperature was lowest in 
the closing stages, and gr ains f ormed at this stage were 
small . 
In brief, then, it appears that gold which separated at 
a relati vely early stage in the paragenesis has a high cont ent 
of silver , and that progressively purer gold was deposited in 
the l at er stages. This conclusion can be supported by a 
further r el ationship which emerges. from consideration of the 
production data. If the r ati o between the amount of gold r e-
covered by amalgamation and the amount r ecovered in the concen-
trates is plotted against the fineness of amalgam gold as in 
Fig. 9, it is found t hat pl ott ed poi nts are aligned , within 
experimental error, along a straight l ine . This means that 
gol d which is easil y amal gamated is purer than that which 
cannot easily be r ecovered by amalgamation . This in turn 
implies that tho gold which is rel atively easily liberated 
from enclosing minerals during st amp milling is purer than 
that which r emains entrapped within or coated by sulphides, and 
it i s thus reasonabl e t o argue that this again points to the 
greater p~ity of l at e gold ~ contr ast with tho silver-rich 
·quality of early- separated gold deeply entr apped in sulphides . 
Fig.l 
~late IV 
Tynical intimate inter~rowth of chalcopyrite 
(grey) and ~old (white) in the form of tiny 
patches in quartz (black). x 750 . 
t}old ( lisht grey) uartly enclosed by tetra-
dymite (dark srey) , both boing set in quartz 
(black). x 750 . 
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Fig. 9 RELATIONSHIP BETWEEN FINENESS OF AMALGAM GOLD AND PROPORTION OF 'FREE GOLD' 
IN THE ORE. 
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(iii) Structure of Gold Grains 
A variety of reagents, including aqua regia, KCN and 
HCl/Cro3 of different degrees of dilution, were used to deter-
mine whether any zoning exists within gold grains in this 
deposit. A large number of grains were etched, but little 
clear evidence of zoning was found. In a number of cases, 
the cores of crystals tended to darken more rapidly, with 
HCl/Cro3, than the outer zones, suggesting a silver-rich core, 
but this evidence is not accepted without reservation, for 
on repeating the etching after re~poliahing,the identical 
pattern was not r eproduced in most cases. 
Etching does reveal twinning in some grains (Plate V), 
which, by the criteria of Fisher (1935) can be attributed to 
recrystallization rather than growth-twinning. This implies 
that the metal has either been deposited at a temperature 
above 230°, or has, subsequent to its deposition, been 
strained an~ heated to that temperature (Fisher, loc. cit., 
p. ~6). 
The absence of zoning in the gold grains is not surpris-
ing. The diffusion of gold into silver takes place at even 
moderate t emperatures, and Fishur (loc. cit.) states that 
diffusion is appreciable at 300° within some months. 
Flate V 
T1,·Tinninr; in c.;old revealed by etchin~ Tfi th dilute 
ECljCr03 . Gold :>:rain is enclosed in chalcopyrite 
( ~rey) and quartz ( black) . x 360 . 
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B. THE L~ HAND MINE 
A,Qstract 
While production data suggest that the silver content 
of gold recovered from this deposit remains constant from 
year to year, detailed examination by the assay of samples, 
by simple amalgamation tests and by microscope techniques 
shows that the silver content varies widely. The data 
suggest very strongly that gold deposited at high tempera-
tures early in the sequence, now occurring deeply entrapped 
in hard sulphides, contains very much more silver than that 
which grew side-by-side with low~temperature minerals. 
The probable occurrence of the rare mineral aurostibite,· . 
AuSb2, is recorded. 
fntroduction 
The Lone Hand mine is on Tuli River Farm, 17 miles west 
of the township of Gwanda. From available records, production 
appears to have been started in 1912, and has been maintained, 
with several breaks, until the present time. 
The mine was examined by the writer in August 1955, and 
at the t~me of a further visit in 1958, development was being 
extended below the lOth level. Accordingly, all samples taken 
were perfectly fresh and free from the effec ts of supergene 
processes. 
~ief Outline of the Geology 
The gold-bearing reef is not a true quartz vein. TyQiale-
Biscoe, who makes brief reference to the deposit (ibid. 1940, 
p.l49) describes it as a zone of silicification, carbonation, 
and sulphide mineralization in quartz-schist . He notes that 
pyrite, which is the chief sUlphide, occurs in massive bands 
parallel t o the walls of the ore channel, and comments on the 
apparent absence of arsenopyrite. 
The dip of the r eef is steep, averaging 70-80 degrees, and 
the pitch of the ore shoots coincides with the dip. Three bre 
shoots occur within a strik~-length of l ess than 500 feet of 
reef, and although mineralization extends for considerable dis-
t;ances to either side of these, the great bulk of pradu::tion 
has been won from these shoots·. 'rhe width of the reef is 
variable, and has improved with depth, but usually falls within 
the limits of 3,5 and 10 feet . 
Er,~ tion Dat~ 
--------
Unfortunately, the production data are for long periods not 
of great assistance in assessing the variations in gold fineness, 
the production having been declared jointly 1..1ith that of the 
neighbouring Orby mine, For the period 1940~1948, the fineness 
of the r ecovered gold shows little variation, ranging from 876 
to 898. As far as can be determined, l ittle or no Orby mine 
ore was mixed with Lone Hand ore during this period. 
It is clear, however, that the rec~eTed gold is of moderate-
ly high average fineness , and that there is little fluctuation 
in the average silver content from year to year. The bullion 
fineness is very much lower due to a content of base metal, and 
varies from 737 to 798 during the same period. This content 
of base metal is introduced chiefly as a result of cyanidation, 
for a recent analysis of 65.7 troy ounces of mill gold gave 
the following results: 
Fine gold 90 • .30 per cent 
Fine silver 9.06 11 II 
Copper 0.50 11 II 
Lead 11~. 
Iron tr. 
The fineness of this bar, calculated from these figures, i s 
thus 908.8 
Up to 1953 the total tonnage milled had risen to close on 
130,000 tons for an average recovery of 6.5 dwt./ton. The 
fact that less than 10 per cent of the gold has been recovered 
by cy~nidation indicates that the bulk of the gol d is lfree 1 
gold amenable to amalgamation. The deposit may thus be 
described as a small , r elatively high-~de producer. 
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~r~ent~~l~ng Data 
A visit was paid to the mine in January, 1958, for the 
specific purpose of making a collection of specimens for gold-
silver assay and for study. With the assistance of the owner 
of the property it was possible to make such a collection which, 
although small, covered the range from very low-grade to very 
high-grade material. Normal channel sampling was rejected in 
favour of chipping a sample from the selected portion of reef, 
from an area no larger than could be covered with the open hand. 
This procedure was prompted by the suspicion that the fineness 
is subject to sharp variations over very short distances and the 
conviction that sampling by this method would be most likely to 
show best such variations. Fifteen samples were taken at 
intervals of five feet along strike, from the hangingwall, foot-
wall and central sections of the lode.. In the laboratory the 
samples wore crushed and then repeatedly quartered until a small 
representative sample had been extracted. This was assayed for 
gold. The balance of each sample was then carefully panned 
to a smaller bulk and assayed for both gold and silver~ giving 
in this way a more reliable estimate of the apparent fineness 
than would otherwise have been'possible without prior concentra-
tion. The results of the determinations are shown in Table 6, 
and graphically in Fig. 10. The variation in apparent fineness 
is from 573 to 942, a range of 369 parts per thousand, in samples 
of ore containing from 0.9 to 363 dwt./ton. As in the case of 
other deposits tested in thi s manner, it i s clear that there is 
a correlr t ion between apparent f ineness and tenor, with rich 
sampl es characteristically carrying purer gol d than lean sample s ~ 
Fig.lO indicates a sharp distinction between those samples 
averaging l ess than 5 dwt./ton in which the fineness is less 
than 820, and those exceeding 10 dwt./ton, in which the fine-
ness is in six cases out of seven above 900. 
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1able 6 
_As~ of Lone Hand Mine S~!!lJ2le s 
. . 
Sample Assay Value Cone. Assa) 
Sample No. (dwt./ton) (dwt ./ton ~OA.u 
Gold Silver + AgJ 
-
.3858 1,0 2.4 Ll 685.7 
.3859 2.4 2.0 0 ... 7 740.7 
;860 4.0 8.9 3.8 700.7 
3861 1.0 2. 2 0.8 7.3.3.3 
.3862 25.6 149.6 10.8 932.6 
.3863 .36.3 .1 .3741.4 366 .. 6 910.7 
; e64 2, 2 4.4 1.3 771..9 
3865 20.1 2.32 .0 22.7 910.8 
3866 5.3.8 487.6 29.9 942. 2 
; e67 9.1 .33. 6 11.6 743 • .3 
.3868 2.7 25 .4 5. 6 819 • .3 
3869 1,8 5. 5 4.1 572.9 
3e7o 12.7 179 .8 15. 5 920.6 
3871 0.9 2,;1 0. 5 807,6 
3e72 41.2 125. 5 80. 0 610.7 
Fig .lO. Apparent Fineness of Sampl es Plotted Against Gr ade , 
Lone Hand Mine 
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Two features of Table 6' call for special comment. Even 
although the samples represent portions of the reef taken at 
regular intervals along strike, there is no regular arrangement 
of fineness values. Their arrangement is haphazard, such 
that very high and very low values may characterize adjacent 
samples. Secondly; it should be noted that the range in 
apparent fineness values is far greater than would be suspect-
ed from the production data, which suggest only very little 
variation in the silver content of the gold. As in the case 
of the Olympus mine, the explanation appears to be the 
faveraging-out 1 of extremes which r esults from extracting 
gold from many tons of ore r ather than from samples weighing 
but a few pounds. 
In order to assist the investigation, a simple test was 
carried out to determine whether any significant differences 
exist between gold which is easily amalgamated, and which is 
thus presumably easily freed from the ore during crushing, 
and that which is not r ecovered by amalgamation. A compos-
ite sample was made qy mixing together some of the richer 
concentrate samples f'rom the previous experiment. This was 
then broken down into +100, 100-200 and -200 mesh fractions 
by sieving. Each sample was then ground by hand in a mortar 
for about 20 minutes, with mercury and water made weakly 
acid with H2so4• The mercury and amalgam were then separat-
ed from the samples and assayed, and the residual concentrate 
assayed separately. The r esults of the test are given in 
Table 7. 
l'a.ble 7. 
- Assay (dwt./to!lf Value 
Sample Gold Silver 1000 ~u 
~-
(A.u + Ag) 
Amalgam from +100 mesh 455.8 14.4 969 
Amalgam from 100-200 497.3 9.0 982 
mesh 
.klalgam from -200 mesh 925.2 14.2 985 
Residual concentrate 210.7 47.7 815 
-
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While the results are not necessarily representative of the ore 
as a whole, as they are based on analysis of particularly rich 
samples, it is clear that apparent fineness as determined by 
assay of the whole ore sample is a value intermediate between 
the fineness of relatively pure gold which is r eadily amalgam-
ated, and the value 1000 Au/(Au + Ag) in the residual concen-
trate, from which the gold is not r eadily extracted by amalgam-
ation. The lower apparent fineness of gold in the residual 
concentrate could be due to either, or both, of the following 
factors. Firstly, gold which is entrapped in hard sulphides 
and which would not be liberated without excessively fine 
grinding, may be an alloy of lower fineness than that which 
occurs as 1f.ree 1 gold, or, secondly, there may exist in the 
sulphides other silver-bearing minerals which do not amalgamate 
with mercury, but which contribute to the total content cf 
silver as determined by assay. The evidence of the microscope, 
which is fully described in the succeeding section, points 
unequivocally to the first of the two alternatives suggested 
above. While the presence of small amounts of silver-bearing 
minerals cannot be r efuted on microscope evidence alone, the 
distinctly more silvery colour of much of t he gold intimately 
associat ed with early pyrite in the ore makes it unnecessary 
to invoke their pr esence . The high silver content of this 
~old, judged qy its silvery colour, is by i tsel f capable of 
explaining low apparent fineness values. 
l~videUQg of P~ed Sections 
The productive r eef embraces varieti es of ore varying 
from a coarse intergrowth of sulphides with very little 
quartz to a schistose quartz-sericite rock in which sulphides 
occur very sparingly and are generally so fine in grain as to 
be barely vi sible to the unaided eye. The. former usually 
contains little gold, whereas the latter is an excellent 
carrier, individual samples of which were found to contain up 
to 18 ounces of gold per ton. 
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(a) Min~s Pres en]. 
The early sulphides in the ore are ~rsenopyrite and 
,pmte. The former is not abundant, and has been extensively 
replaced by pyrite so that it is visible only under the micro-
scope. The pyrite, in the massive sulphide ore, occurs as 
grains as large as 5 mm, across, which rarely show the develop-
ment of crystal faces, In the fine-grained ore, crystal faces 
are better developed, Exrrhotite is very abundant, forming a 
coarse mosaic in which the earlier sulphides are enclosed, 
Traces of chslcopyrite fill interstices in massive sulphide 
ore, but it is only in the quartz-sericite type of ore that it 
becomes an abundant constituent, In this, patches may be as 
l ar ge as 4 mm. across, when thin le~ellae of exsolved QUbanite 
lie within it, Spha1eri t§., with deep r ed internal r eflection 
and innumerable minute blebs of exsolved chalcopyrite, occurs 
only as tiny grains intergrown with chalcopyrite or surrounding 
it. !etrahedrite, while it has not been found in the massive 
type of sulphide ore, is relatively abundant in the fine-grained 
quartz-sericite ore, where it occurs as patches up to a maximum 
size of 150 microns. Chalcopyrite and arsenopyrite have 
suffered vigorous attack by r eplacement by the tetrahedrite , 
QQ~d has been found in all specimens of ore, but it is very 
rare and fine-grained in habit in the massive sulphide ore. 
It is abundant in the quartz-sericite ore where it occurs in 
association with the younger sulphides , A fuller description 
of the gold is given later. Closely associated with the gold 
is a mineral whose properties do not correspond with any of 
those listed by Short (1940), Although thi s mineral occurs 
only in minute quantities in the ore, its properties and 
manner of occurrence are distinctive, so that it is quickly 
detected under the microscope, It most closely r esembles the 
rare mineral ,aurostibite , AuSb2, which occurs in the Giant 
Yellowknife mine , N .W .T,, and the Chesterville mine in Ontario, 
as described by Graham and Kaiman (1952, pp. 461-469). The 
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properties of the Lone Hand material are compared, in Table 8, 
with those of aurostibite as described by these authors . 
Property 
Colour 
Hardness 
Ani sotropi sm 
Cleavage 
HCl (1:1) 
HCl fumes 
KOH (40fo) 
KCN (20%) 
Properties of Aurostibite 
Aurostibite Lone Hand Material 
·------------------------~ 
galena-white 
C- (slightly hard-
er than gold) 
not stated 
no cleavage 
rapidly acquires 
tridescent coat-
ing 
dark brown stain 
sweat halo forms 
immediately a~quires 
iridescent coating 
slowly acquir es 
light brown coating 
and polishing 
scratches are accen-
tuated 
no reaction 
no r eaction 
galena-white 
about the same as gold 
isotropic 
no cleavage detected 
rapidly turns irides-
cent r ed-brown 
dark brown stain 
sweat halo forms 
instantly becomes 
deeply iridescent 
stains brown fairly 
rapicUy 
negative - faint 
stain after l ong 
standing 
negative - faint 
stain aft er long 
standing. 
A peculiarity of this Lone Hand material , which at first 
led t o confusion, is the extraordinarily rapid rate of tarnish. 
Immediately after polishing and swabbing with carbon tetr a-
chloride, the colour is a bright silver- or galena-white . 
Within a few minutes the colour changes to light pink, then 
bornite-pink and ultimately a pinkish brown, r ather like a 
tarni shed penny. Graham and Kaiman note that aurostibite from 
the Giant Yellowknife mine shows a bornite-like tarnish, 
wher eas that from the Chesterville mine does not. 
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A specimen of ore containing this mineral was sent t o the 
Department of Mines and Technical Surveys, Ottawa. The writer 
is indebted to Dr, M.H. Haycock and Mr. Kaiman for having made 
an examination of the material, and for reporting as follows& 
"We attGmpted to remove the larger grains for X-ray 
diffraction analysis •••••••• The X-ray diffraction pattern 
of this minute sample, after sixteen hours exposure, shows 
distinct lines of quartz and chalcopyrite . One very definite 
line, howover, cannot be attributed to either of these minerals, 
but it does correspond to the strongest lL~e of aurostibite .n 
They conclude that the mineral in question may be either 
aurostibite or a closely related, undiscovered species , 
The largest grain seen in any of the polished specimens 
measures 50 x 30 microns, thus it is quite impossible to gouge 
out uncontaminated material for microchemical tests. Crushed 
pellets of ore rich in gold, however, give a positive r eaction 
for anti mony with Ia. and CsCl, although t etr ahedrite may be 
responsible for this. In the Lone Hand ore the presumed 
aurostibitc also occurs as vermicular bodies about 20 x 5 
microns replacing pyrrhotite and chalcopyrite (Plate VI, Fig. 
2), replacing arsenopyrite (Plate VII, Fig. 2) or in intimate 
association with gold. It is undoubtedly a very late mineral, 
as it either partly rims gold (Plate VII, Fig. 1) or replaces 
it . Some occurs as discrete crystals. Graham and Kaiman 
figure aurostibite enclosing or partly armouring gold grains 
and arsenopyrite exactly as described here. 
Fig.l 
Fig.2 
Plate VI . 
Intergrowth of gold (light grey) aurostibite (?) 
(medium grey) and tetrahedrite (stippled). The 
intergrowth is moulded to the faces of quartz 
crystals (dark grey). x 750. 
Aurostibite (?) (deeper grey) and tiny grains of 
gold (white) replacing pyrrhotite (lighter grey) 
in the centre of the field. Chalcopyrite is 
moulded on pyrrhotite on the right, and an 
exceptionally large grain or gold occurs on the 
left. Slightly etched with KOH. x 360. 
Fig.l 
Fig.2 
Plate VII 
Gold grain partly rimmed by younger aurostibite(?) 
{tarnished). x 360. 
Arsenopyrite (white) partly replaced by auro-
stibite ( ? ) (grey) giving rise to a form of atoll 
texture. x 360. 
Fig.l 
Fig.2 
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Plate VIII 
Pale-yellow gold filling fractures in pyrite. and 
locally replacing it. Quartz (black) accompanies 
gold. x 360. 
Gold (white) and pyrrhotite (light grey) replaced 
by aurostibite (?) (dark grey). x 360. 
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The paragenesis of the ore minerals may be illustrated 
diagrammatically as follows: 
Arsonopyrl te 
Pyrite 
Pyrrhotite 
Chalcopyrite 
Sphalerite 
Tetrahedrite 
Gold 
Aurostibito 
(b) Characteristics of tho Golg 
Attention was earlier directed to the· .l~or apparimt 
fineness of the gold in sulphides or sulphide-rich ore, com-
·pared with that in quartz-sericite ore with sparse, fine-
grained sulphides. It has also been noted that tho tenor in 
the former is low compar ed with that of the l atter. A set 
of polished specimens was accordingly prepar ed with particular 
car e in order t o det ermine whether the l ow apparent fineness 
of gol d intimately associat ed with early sulphides is due to 
a hi gh silver content of the gold itself, or t o the presence 
of other silver-bearing minerals. 
Specimens of coarse-grained sulphide ore show an abundance 
of high-tc~perature D.ineral s such as arsenopyrite , pyrite and 
pyrrhotite, very minor amounts of chalcopyrite , and no sphaler-
ite , t etrahedri te or aurostibi t e (?). Protracted search 
eventually est ablished the presence of minute gol d grains en-
closed in pyrite and filling fractures in it (Plat e VIII, Fig. 
1). None was found great er than 50 microns in diamet er, and 
most grains are l ess than 10 micr ons. These gol d grains are 
not accompanied by any of the low-temper ature or e mi nerals 
previous~ listed. Their most st r iking f eature, however, is 
their pale- yellow col our, suggestive al most of el ectrum. The 
fraguont of or e , from whi ch this particular specinxm was cut 
·was then assayed and f ound to contai n 15. 2 dwt. of gold per t on, 
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and 6.4 dwt. of silver. The apparent fineness is thus 704. 
The occurrence of gold in fracture s in t hose high-temperature 
minerals, unaccompanied by any of the low-temper ature minerals, 
suggests vory strongly t hat this gold was pr ecipitated in an 
environment chemically, and perhaps physically, different from 
t hat in which it was precipitated in the quartz-sericite or e . 
All of the poli shed specimens of quartz-sericite ore show 
some gold, and in some i t is remarkably abundant. In its mcde 
of occurr ence it contrasts strongly with that described above, 
in that it is associated with t etrahedrite and particularly with 
the l ate-stage aurostibi te (?). The high-temperature sulphides 
ar e also sparsely disseminated as tiny crystals in the ore , but 
no cold has t hus far been f ound showing any preference for them. 
This gold is of rich golden colour. There is some variation 
in the amount of alloyed sil ver: t his can be detected by slight 
variati ons in the colour, but is best brought out by the vary-
ing reactivity of different gr ains towards CrOyHCl. No dis-
tinct zoning has been observed in spite of effort s to r eveal it 
with differ ent reagents. One of these polished specimens was 
spl it and assayed, and found to contain 301 dwt . gold per ton 
and 20. 2 dwt. silver per t on, giving an apparent fineness value 
of 937. A second specimen, identical in appear ance to the 
first, assayed 357.4 dwt . gol d per ton, and ~ve an apparent 
fineness value of 979. 
These data l eave little doubt that the massive sulphide ore , 
composed of high- tenperature sulphides, is r el ativel y poor in 
gold, and that that gold which i s present i n it has a high silver 
content. The failure to detect other silvor- bearing minerals 
or any· other low-temperature sulphides in this type of or e 
strengthens the view that the l ow apparent fineness i8 due to 
a high sil ver content of the gol d and not to other factors. 
Conversely, tho occurrence of deep- yellow gold with r el atively 
l arge · amounts of those mineral s deposited at moderate t emper-
atures, such as chalcopyrite and sphalerite, but more 
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parti cula.r ly with late totrahedri to and· a.urosti bite, points to 
an increasing inability of gold t o alloy with silver in the 
later stages of vein formation , 
c The con,.entrates from the underground sar:1pl os collected at 
the lOth l evel were mounted in a plastic cement and polished 
f or nucroscopic examination. The rich samples, characterized 
by high apparent fineness values, showed abundant golden-yellow 
gold, some of it intergrown with aurostibite, The low ...grade 
sampl es, with l ow apparent fineness values, showed, unfortunate-
ly, ei ther no gold or perhaps a single grain only. Microscopi.c 
examination of the concentrates has thus provided no further 
information. 
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O. THE HORN MI~ 
Abstract 
Experimental sampling shows that low-grade gold ore con-
tains relatively more silver than high-grade ore. An amal-
gamation test indicates that free gold which is r eadily recov-
ered by amalgamation is relatively purer than that which is 
not so readily recovered. other considerations suggest that 
sparse silver-rich gold associated with early-formed sulphides 
causes low apparent fineness of low-grade ore spe6imens. 
The general conclusions are the same as those reached in the 
case of the Lone Hand deposit. 
lntroducti~d General Ge~ 
This property falls within the Tuli group of deposits in 
the Gwanda area, and lies very close to the Lone Hand reef. 
A brief visit was made t o it while the l atter depos.i t was be-
ing studied, chiefl y for the purpose of sampling a section of 
reef in order to gain some idea of the variations in finenes .; 
in this r ather unusual type of deposit. Accordingly, the 
following account is concerned primarily with the nature of 
the gold itself, while the details of str"t:<.cture and mineralogy 
have been kept to a minimum. 
Tyndale-Biscoe (1940, p.l33) gives a short account of 
the deposit. The strike-length is quoted as 2,400 feet, and 
the r ather unusual f eatures may be inferred from t he follow-
ing extract: 
11The country r ock is granitic gneiss rich in biotite and carry-
ing inclusions of greenstone schist , the contact with the 
schist belt being a few hundred feet to the east, The north-
ern section of the r eef channel dips vertically or steeply east, 
while the southern section dips north-vest at 45 degrees. As 
far as can be seen the two sections are continuous and connected 
by an even curve. There is no evidence of a break. The ore-
shoots have a uniform northerly pitch, and consist of sub-
parallel lense s and stringers of quartz in a broad, strongly 
sheared zone in the gneiss,t~ 
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~erimental~ligg 
A short section of a drive along good average grade of 
r eef on the 3r d l evel was sampled by the writer at three-foot 
intervals along the strike, and the samples treat ed and assay-
ed in the same way as those taken at the Lone Hand property. 
The r esults of this experimental work are shown in Table 9, 
while in Figure 11 the apparent fineness values of the concen-
trates have been plotted against the grade of the concentrates. 
The grade of the concentrates, r ather than the grade of the 
original samples, has been used as abscissae, as the presence 
of coarse gol d particles, easily detected under the microscope, 
has caused the latter assays t o be somewhat erratic. 
From Table 9, it is clear that the apparent fineness 
varies sharply from point to point along the strike of the 
r eef, and that ther e i s quite definitely no serial variation. 
This i s in accord with the findings for other deposits exam-
ined . The apparent fineness varies from 743 to a maximum of 
962, this variation being much greater than that in the fine-
ness of gold r ecover ed in t he mill by amal gamation. The 
aver age fineness of this amalgam gold, calculated from 21 
separ at e outputs, appea~ t o vary only from 866 to 932. Fig~ 
11 i s very similar to Fig. 10 depicting the Lone Hand deposit. 
In spite of the scattering of plotted points to either side of 
the mean curve it i s again apparent that low-grade or e has 
usually a r elatively greater silver cont ent than high-grade 
ore . It becomes important t o establish whether this varia-
tion is caused by fluctuation in the silver content of the 
alloy, or by the presence of other silver-bearing minerals . 
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Tabl...iL2.· 
Assays of Horn Mine Sampl es 
Sample Assay r-· Cone, Assay Value 
Sample No. (dwt./ton) (dwt./ton) J.OOO Ay, 
Gold Silver (Au + Ag~ 
-·-- ----
3840 2.5 56.3 9.0 862.1 
3841 2.6 10.7 2.4 816.7 
3842 2,8 4.7 0.5 903.8 
3843 3.1 5.8 2.0 743.5 
3844 0.9 4.0 0.6 869.5 
3845 1.0 4.5 0.5 900.0 
3846 23.3 134#5 7.7 945.8 
3847 3.8 31,8 4-9 866.4 
3848 2.6 13.0 1.0 928,5 
3849 1.0 5,1 1.2 809.5 
3850 24.2 136.3 13.3 911.0 
3851 0.9 2.1 0.7 750.0 
3852 2.5 35.6 1.4 962,1 
3853 2.6 46.5 3.8 924.4 
3854 7.2 63.9 2.8 958.0 
'--• 
Notwithstanding t he fact that four of the samples 
descr ibed above contain only 1 dwt. gold per ton or l ess , 
equivalent t o 0~00017 per cent or less of gold by weight, the 
t otal amount of sil ver present in any of t hese samples docs 
not exceed even one third of this amount. If silver miner als 
other than gold do in fact occur i n these specimens of ore, 
they can be present in only exceedingl y small amounts and 
their contribution t o the t ot al silvee in the ore must be 
negli gible . On the other hand, t he fact t hat some of the low-
grade samples yield moderatel y high apparent fineness values 
shows that these variations cannot be attributed t o analytical 
errors such as silver being introduced into the samples i n 
the litharge used i n assaying. There i s littl e to support 
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any contention that the drop in apparent fineness in low-grade 
specimens is due to any cause other than a drop i n the fine-
ness of the gold particles themselves. 
In Fig, 12 the fineness of gold recovered by amalgamation 
has been plotted against the recover ed grade f or the period 
1938-1941. It is of interest t o note that there is no 
suggestion of a relationship between tenor of the ore and fine-
ness of the gold recovered, This is due to the 11 averaging-
out" which t akes place during milling, which has here caused 
the variation in fineness to be subdued to such an extent that 
the r ange between maximum and minimum values has become too 
small to endorse the conclusions re~ched by experimental 
sampling, This feature is no doubt common and must overshad-
ow a correlation between fineness and tenor of ore in 
many similar cases. 
The Eyidence of Polished Sections 
- -
The mineral assemblage is indicative of deposition at high 
t emperatures. In the specimens polished for microscopic 
study, and which come from the same section of r eef as sampled, 
the early-deposited sulphi des include molybdenite, ~te. and 
~hotite and the l at er sulphides sha1copyrite and ~erite 
containing exsolved chalcopyrite blebs . !IBenopyrite also 
occurs in the ore , but was not encountered in any of the pol-
ished sections , Goldberg (1960 ) stat es that ~~ is encount-
er ed in some instances, A second gener ation of pyrit e is also 
present in the ore, rimndng and replacing these sulphides, but 
its exact position in the paragenesis is not clear. The 
specimens show no trace of oxidation, and it is unlikely that 
this pyrite is super gene . Careful examination of both high-
grade and poorer specimens f ailed to show any ~ intimately 
intergrown with the sulphides, although gold does occur mould-
ed on them. The gold also occurs as isolated grains in the 
quartz gangue, but most typically it is intergrown with either 
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of two soft minerals deposited l ate in the sequence. From their 
respective reactions with the standard etch reagents, and other 
properties, these miner als were identified as native ~§~uth and 
native antimony~ Unfortunately, these occur in all specimenjs 
a s grains too minute to be gouged out for confirma tory micro-
chemical tests. A small specimen of light-grey quartz contain-
ing a nugget of gold mea suring 5 x 2 rom , lent to the writer by 
the owner of the mine, showed t i ny grains of soft, grey material 
intimately intergrown with the gold. This material, consisting 
presumably of more than one mineral, gave strong reactions for 
antimony and bismuth. This seems to confirm the identification 
by etch tests. 
The follovdng extract from a r eport by the Government Mining 
Geologist (Goldberg, l oc. cit.) is r elevant: 
"A feature of the mine is the occurrence of bismuth in some of 
t he orebodies; the bismuth combine s with the mercury used for 
amalgamation t o f or m a gol d-bismuth amalgam. In the r etort 
much of the bismuth-rich liquid can be decanted to produce a 
white metal, r ol ativvly rich in gold, and sold as a base gold bar.n 
In this acc ount it is stat ed that the mineralogical f or m of the 
bismuth in the ore had not been deter mined. 
Spect r ographic analyses (Goldber g, per sonal coBmunication) 
of concentra t es of the or e confirmed the occurrence of bismuth, 
but the occurrence of ant i mony was not not od (Table 10.) 
Spectrographic Analyses of Two Samples of Concentrates 
Element Sample A Sample B 
-- -- --
Molybdenum tr. 
Bismuth tr. tr. 
Arsenic 5 - laf. 
Zinc tr. bel owO. 5'/o 
Copper O.lf. O.lf. 
The pref er ence shown by gol d f or or e cont ai ning l ow-temper ature 
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minerals is summed up in the following Table 11, which indicates 
the progressive change in four representative samples ravging 
from low to high grade. In each, pyrite and pyrrhotite are 
abundant, and no special comment has been made r egarding their 
presence, 
Association of Gold with Low-Temperature Minerals 
Sample -------r----~.-M~ ~-----------~ Apparent Minerals in Polished Speci-Gold 
Number Assay 
3849 1.0 dwt. 
3848 2.6 II 
3854 7.2 
" 
23.3 11 
Fineness mens 
810 chalcopyrite (rare ) 
sphalerite (rare) 
929 
958 
946 
chalcopyrite 
sphalerite 
chalcopyrite 
sphalerite 
antimony 
bismuth 
gold 
(raro) 
(rare) 
( s!:lall amounts ) 
(small amounts ) 
(trace) 
(trace ) 
(trace) 
chalcopyrite (common) 
sphalerite (s~ amounts) 
antiuony (relatively abundant) 
bismuth (reiatively abundant) 
gold (relatively abundant) 
----·-'---·--- ..__ ______ _ 
The increase from low to high apparent fineness with the aupear-
ance of lower-temperature minerals is striking. 
In order t o determb1e whether variations in apparent fineness 
of the concentrat es are due t o variatic·ns in the compositi on of 
the gold itself, polished specimens were prepared with the con-
cnetrates loft over after assaying. The low-grade concentrates 
show no visible gold at all, and thus provide no furth er inform-
ation. The high-grade concentrates show gold in fair abundance , 
most of it intergrown and showing mutual boundaries with native 
antimony, or occurring as discrete grains. Most of the gold shows 
the distinctive ruddy tint characteristic of very pure gold, but 
the occurrence of a few grains which are yellow proves that the 
fineness i s variable . 
A simple analge.r.1ati on t est carried out on a composite sanple 
prepared by mixing the remains of the concentrates confirmed 
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confirmed that the fineness of the gold is variable. The 
sample was split into two fractions by si eving, and ~h ground 
by ~and with mercury. The amalgam and the residual sulphides 
were then assayed, and the results of the test were as shown in 
Table 12 below. 
SaDple 
Amalgam (+ 100 mesh fraction) 
Analgam (- 100 nesh fraction) 
Residual material 
dwt.Tton -- Value --
Gold Silver 1000 Au 
(Au+ Ag) 
120.2 
832.7 
38.7 
906 
977 
890 
------___ ......... _____ __., ______ _, 
The results of this test are seen to be much the same as those 
for the Lone Hand deposit. The coarser free gold contains r ather 
more silver than that which is fine-grained, while the sulphides 
which are left after the free gold has been separated contain in 
pr oportion very little gold, and this is relatively richer in 
silver than either of the other fractions. While the writer 
has so f ar been unable, by microscopic study, to confirm the 
existence of snall amounts of pale-coloured gold entr apped in the 
sulphides, as in the case of the Lone Hand ore, there seem t o be 
good grounds for assuming that this is nevert heless the case, 
when it is considered that gold appear s in the ore in abundance 
only when the lower-tenperature r:rl.nerals also appear in note-
worthy amounts. To support this view, a smll lump of massive 
pyrrhotite collected underground was tri~ed to renove as far as 
possible all adherent quartz, and then assayed. It was found to 
contain 8.7 dwt.gold per ton and 2.3 dwt. of silver, equivalent 
to an apparent fineness of 791, which is f~ lower than the 
figure characteristic .!bf gold r ecovered by analgamation, and close 
t o the value 743, the lowest value detornined in the underground 
samples listed in Tabl e 9. 
----·---
\ 
I 
I 
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D. THE JESSIE MINE 
The Jessi e r eef is a quartz vein containing a variety of 
sulphides, as well as sulpho-salts, native antimony and gold. 
The occurrence of a mineral identified here as aurostibite i s 
recorded . The production data show that tho average fineness 
of r ecovered gold is low, not exceeding 820, whereas experi-
mental sampling and micpscopic exarnnation leave no doubt that 
·the fineness of metal lic gold is very variable, and ooy either 
be very nuch higher or lower than the value sugges ted by pro-
duction data alone. It is shown that the gold started to 
precipitate at a relatiyely earl y st age in conpany with sphal-
erite , when it fort1ed coarse masses with a high content of 
silver. As vein f or mati on continued, the gol d pr eci pitated 
was alloyed with a progressively smaller amount of silver, and 
t ended t o be finer i n grain. Experimental sampling establ ishes 
n correlation between the sil ver content of the gold and the 
richness of the sample . 
IBtroduct~~~d Ge~ral Geolo~ 
The Jessi e Mine lies close to the main Gwanda-Beit Bri dge 
road 1 some 20 niles fran Gwanda. Its name is well ·known in the 
t erritory, f or the mine has had a l ong history stretching back 
t@ the start of operations in 1899. An account of the h:iS:.ory 
and the geology is given by Tyndale-Biscoe (1940, p.l39) , and 
from this source the following excerpt s are taken: 
11 The r eef lies in hornblende-schist ••• • •• and i s a vein of blu-
ish grey granular quartz of l ent i cular character, r.riner ali zed 
with PJTite, pyrrhotite (strongl y magnetic), chalcopyrite and 
galena to a very variable extent. The pyrrhotite, especially, 
in many places forns nassive veinlets crossing the reef at high 
angles t o its walls. The r eef i s frequently banded ~ due to 
partings of intensely al t ar ed country rock." 
11 The proved l ength of strike of the reef i s 1, 200 f eet in a 
north-westerly direction, t ho dip bei ng south-west at high 
anglos . 11 
Tho pr esent writer made two vi sits t o the mine during 1957 
and 1958., and at the time that specimens were collected, develop-
ment was progressing on the 17th level. 
Plate IX 
Handspecimen of Jessie mine ore. Note well defined 
banding of sulphides and unreplaced wall rock. 
Half natural size. 
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Production Dat§.. 
An indication of the average grade of the ore milled between 
1905 and 1940 is given by the average recovery of 3.3 dwt. gold 
per ton. Figures for 1957-1959 indicate a rather higher recovery, 
monthly r eturns showinc; a. r ange of 3-6 dwt./ton. Analysis of 
these figures for this latter period shows a variation in the true 
fineness of amalgan gold from 752 to 818 with the Bost frequently 
occurring values between 785 and 810. The fineness of gold 
recovered by cyanidation is decidedly lower than this, the range 
being froo 560 to 700, and on the average sace 150 parts per 
tl:ousand lower than that of the o.malga.Ll gold. 
Ther e is no clearly defined r elationship between the fine-
ness of analgam gold and t he average grade of the ore as deter-
mined by recovery, such as has been detected in some other depos-
its investigated. The reason f or this appears to be the occur-
r ence of notable anounts of coarse-grained gold of very l ow fine-
ness in the ore , in which respect this ore is r emrkable, f or gold 
of lower fineness is, as a general rule, quantitatively less 
important than purer gold in deposit s of this type. This feature 
is fully described in a later section. Furthermore, the study 
of polished sections and assay data shows conclusively that the 
actual range in fineness of gold particles is f ar greater than 
that indic~ted by production figures alone. 
The Eyidence of Pol~ed Sec~ons 
(a ) !:;ane~s Present 
No singl e polished specimen shows the complete assemblage 
of minerals in the ore, but by r eference to a number of specimens 
i t is possible to piece together the position,in the par agenesis , 
of most mineral s . Ther e ar c reversals of order in some pairs of 
minerals in different specimens, but these do not greatly affect 
the overall picture . The minerals of the ore are described 
below in their order of deposition. 
The first opaque nineral to crystallize was ~enopyritc, 
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which forms bands and.veinlets of closely packed rhombs and 
acicular crystals, as well as less well defined mossy clumps in 
which the replacement of vein quartz is incomplete and the crys-
tals are skeletal in character. Miny crystals are crowded with 
unreplaced shred~ of quartz or country rock, which were, at a 
late stage, selected for replacement by several of the younger 
sulphides and gold. Pyrite followed arsenopyrite, and was in 
turn succeeded by ~rhotite, which surrounds and encloses the 
pyrite and arsenopyrite~ usually with some peripheral replace-
ment . Tungstates are repre sented by small quantities of a 
member of the wolframite-huebner~ series, which is younger 
than arsenopyrite, and possibly younger than pyrrhotite, and by 
gheeli te of unknown age forming thin shells around, and blebs 
in, the wolframite; i t is either a younger deposit or an alter-
ation product of wolframite. In some slides the wolframite 
occurs as prismatic crystals up to a milli metre in length show-
ing· perfect lamellar twinning, which is visibl e even with only 
one nicol. .Q.QslcopY!'i te is closely associated with pyrrhotite, 
but younger than it. Exsolved smb.ani te is not characteristic 
of the chalcopyrite in this deposit, but it has been detected 
in some specimens. .§:ghaleri t e is abundant in the ore, and it 
is the rule rather than the exception that it contains exsolved 
chalcopyrite. This exsolved material has migrated to the 
margins of crystals such that l ar ge patches of sphalerite are 
revealed as mosaics of smaller crystals, each of which is framed 
in a narrow, di scontinuous rim of chalcopyrite blebs . Where 
galena borders sphalerite, the exsolved chalcopyrite has become 
trapped along the contact, and replaces the galena. Although 
sphalerite is in the main younger than the · primary chalcopyrite , 
and frequently replaces it, these two minerals certainly 
crystallized side by side during part of the vein 1s history, 
and some sphalerite is encircled by chalcopyrite. An inter-
esting feature char acterizing the sphalerite is the occurrence 
in it of sl ender laths of pyrrhotite. These are commonly l ess 
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than 10 microns thick, and more than twenty times as long, and 
several may occur i n the same sphal erite crystal i n parallel 
orientation. While these might conceivably be due to exsolu-
tion, it is considered more likel y that they r epresent 
accidental i nclusions, for plates of pyrrhotite of this shape 
al so occur isolated in the quartz, where it is clear that they 
are not due to exsolution. Q~na followed sphalerite, and, 
like i t , forms r el atively l arge areas in polished section, up 
to one or two millimetres acr oss . It is abundant also as 
smaller gr'ains and veinlets avidly replacing ar senopyrite and 
pyrite; in particular, the shreds of vein quartz and host 
rock occurring as inclusions in these two sulphides have been 
attacked. Where it occurs in this f ashi on, the galena is 
frequently wedge-shaped or t riangular in outline, pseudomor-
phous after the patches of quartz in clusters of tightly packed 
euhedral arsenopyrit e crystals. Particular care was devoted 
to the identifi cat ion of a mineral very closely associated with 
the galena, and sometimes enclosing it and showing the same 
r el ationships towards the other sulphides as does galena, such 
as vigorous attack on ar senopyrite . This mineral, determined 
as tetrahedr~te, shows an olive tint against the white of galena, 
and is slightly harder than it. I t is isotropic, unaffected 
by the standard etch r eagents, and microchemical tests give 
positive r eactions for copper and antimony. The identifica-
tion was confirmed by determination of the r eflectivity, which 
is JO.?fo, mat ching the value of 31 . 2% given by Fol insbee (1949). 
Microchemical t ests failed to indicate the presence of silver 
or arsenic in the tetr ahedrite . This mineral cr ystallized in 
very minor amount s at about the same time as chalcopyrite, but 
it is only in the company of galena that ~t occurs in any 
abundance . Thus it is i n the main a late mineral. A mineral. 
not commonly encountered in Southern Rhodesian or es, and 
tentatively identified as ~~~, JAg2s. Sb2S3, was detect-
ed in a single polished. specimen only; extended search fail ed 
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to reveal it in any others, and it is thus to be considered pres-
ent in very minor amounts only, This is grey with a bluish tint, 
and deep-red internal r eflection, si~lar to sphalerite. It 
reacts positively with 1;1 HN03 and 5% KCN, and weakly with 201o 
KOH. The list of minerals with red internal reflection given 
by Short (1940) does not include many species, and the identific-
ation seems reasonably certain. The presence of tetrahedrite 
in the ore makes its occurrence probable, The two grains found 
were too small to permit accurate determinations of reflectivity, 
but yielded values within 5 per cent of those quoted by Folinsbee 
for pyrargyrite. Its rarity in the ore leaves its position in 
the paragenesis in some doubt, but, as far as could be determined, 
it replaces chalcopyrite and galena, 
Gold occurs in all of the specimens examined, but the manner 
of occurrence is so varied that a special section is devoted below 
to its description, An interesting occurrence is that of the 
same mineral which was t entatively determined as aurostibit~ in 
the Lone Hand ore. The appearance and physical and etch proper-
ties of this mineral are identical in the Lone Hand and Jessie 
ore specimens, so further description is r edundant. It nearly 
always occ~s in intimate associAtion with gold and is contempor-
aneous with it, as either one may enclose the other, The 
presence of native ~ntim2nY has been established beyond question 
in polished concentrates, by its hardness, colour, isotropism 
and r eflectivity, which latter was determined as 74.6fo, matching 
closely Folinsbee's (loc. cit.) value of 74.41o. Microchemical 
tests gave positive reactions for antimony in even exceedingly 
small grains. The mineral was not detected, however, in any of 
the polished specimens of the ore i tself. 
(b) Occurrence and Associates of Gold 
The study of the gol d is of particular interest and 
sigHificance, for it is associated with a variety of minerals 
with which it may be int~grown and with which it is therefore 
presumably contemporaneous. It also shows a very variable 
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silver content, and, like the gold in the Olympus mine, ther e is 
a corrclaticn between the silver content and the age of the 
nineral with which it is intergrown. 
The colour of the gold shows ev0ry gradation fron the pale 
silvery yellow of el ectrum t o the deep yellow characteristic of 
gold over 900 fine, and there are in addition differ ences in mode 
of occurrence and grain size in the different types . That gold 
which, by its teXtural relationships, is clearly l at e in the 
paragenesis, is of a rich golden yellow, whereas that which, by 
virtue of its t extural relationships towards sphaler ite is 
deemed to be earli er, is pale yellow or even creamy, not unlike 
pyrite . 
(i) Silver-rich Gold. 
This occurs as coarse-grained patches partly or wholly 
encl osed in sphal erite (Plate X, Fig. 1) and soiile of it shows 
against sphalerite the sinuous outlines characteri stic of 
11 nutual boundaries" t exture, which is generall..y accepted as 
evidence of contemporaneous crystalli zat ion. Gold of this type 
does not commonly occur int er sper sed with the purer material, 
but tends t o be confinGd to veinlets of sphalerit e , or t o occur 
i ntergrown with tiny irregul ar patches of sphal eri te i n the 
quartz. In addition t o the zinc sulphide, other younger sulph-
ides rnay wrap around this earl y gold. Fig, 2 of Plate X illus-
t rates an example where gold is moulded on a euhedral lath of 
pyrrhotite, and the Hhole then set in younger tetrahedrite. 
Plate XI, Fig. 1 shows gold accompanying gal ena, both replacing 
arsenopyrite . In this latter case , however, the gold is 
perhaps a little younger than that accompany:i.ng sphalerite . 
Coarse gold is 1ncoun~ered from time to time during the 
daily panning of SaLJ) l es which is caJITied out as a r ough check 
on t he charact er of the ore being developed . The writer has 
beon shown coarse, jacged p~llets, up t o one-quarter of an inch 
across, recovered in this way. Some of this nat erial has a 
brassy appearance ve17 unlike pure gold, although some, again, 
F1g.l 
Fig.2 
Plate X 
Coarse-grained, silver-rich gold enclosed by 
sphalerite. In both colour and grain size it 
differs markedly from gold occurring as discrete 
grains. x 360. 
Gold (white) surrounding a lath of pyrrhotite 
(light grey), and in turn enclosed by tetra-
hedr1te (scratched and pitted). x 750. 
Fig.l 
Fig.2 
Plate XI 
Pale-yellow gold (light grey) and galena (deeper 
grey) replacing and sending off tongues into 
arsenopyrite (medium grey). x 360. 
Gold (white ) completely rimming aurostibite (?) 
(grey). Arsenopyrite also in field (stippled). 
X 750. 
~e XII 
Fig.l Tiny segmented vein or gold and galena filling 
a fracture in arsenopyrite. Texture indicative 
of simultaneous crystallization of gold with 
galena. x 750. 
Fig.2 
• 
Gold (light grey) closely associated with galena 
(dark grey) in the interior of an arsenopyrite 
crystal . x 750. 
Plate XIII 
Gold occurring as discrete grains, and as coatings on 
arsenopyrite crystals or filling fractures in it. 
X 360. 
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is more yellow than this. Two samples of this coarse gold, g~ven 
to the writer for study, were submitted for assay. Both were 
virtually clean metal with only a little adherent quartz. The 
two specimens were determined as 655.1 and 771.6 fine respective-
ly, and thus the existence of coarse fre_e gold with a high con-
tent of silver is established beyond question. 
As the colour of this early gold may be exceedingly pale, 
it is apt to be confused with pyrite in sections free from pol-
ishing relief. This error may be guarded against by making 
frequent use of the microphotometer, when even an approximate 
reflectivity value makes misidentification impossible. 
(ii) Silver-poor Gold 
The mode of occurrence of fine gold is very differ-
from 
ent }!o that of silver-rich gold. Where its t extural relation-
ships towards other minerals can be interp~ted, the gold is 
found to be late in the paragenesis, and occurs moulded on, or 
replacing, the several sulphides, A great deal of the pure 
gold occurs as discrete granules in the vein quartz. It has 
also been fo1.md inter grown with a\ll"'Stibi te (? ), a very l : te 
mineral, and some of the purest gold with a distinct ruddy tint 
occurs moulded on aurostibite (?), as shown in Plate XI, Fig. 2. 
Again, some fine gold i s moulded on sphalerite, and although 
its exact age is not known, it is clearly younger than that 
which is intergrown with sphalerite. The contemporaneity of 
some pure gold and galena is proved by the occurrence of these 
two minerals in the form of segmented veinlets filling micro-
scopic fractures in arsenopyrite, as in Plate XII, Fig. 1. 
Bastin (1957 ) considers segmented veins to be evidence in 
favour of simultaneous crystallization. 
In those specimens with abundant arsenopyrite, gol d can be 
detected without difficulty if high-power objectives are 
employed. Here it occurs as very tiny grains averaging 7 
microns in size and seldom reaching i5 microns. These are 
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invariably deep yellow, and favour the shreds and inclusions of 
quartz and altered host rock which are common in the arseno-
pyrite. They may share this envir onment with equally tiny 
masses of galena, such that the two minerals lie in contact 
(Plate XII, Fig. 2), Gold also occurs here as fracture-fill-
ings and as coatings a few microns thick (Plate XIII). 
It is significant that the arsenopyrite-rich specimens do 
not show more than traces of the lower-temperature minerals 
such as sphalerite, chalcopyrite or galena , while even pyrrho-
tite is uncommon. It i s in these specin~ns only that wolfram-
i te, a mineral characteristically early in the general order 
of crystallization, has been detected. It is the writerfs 
conclusion th~t in these specimens gol d was precipitated late 
relative to the arsenopyrite and pyrrhotite, but in a high-
temperature environment vlhich was not conducive towards pre-
cipitation of more than traces of the medi~ and low-
temperature r.ri.nerals . 
(iii) Grain Size, 
It has been shown that silver-rich and silver-poor 
gold in this ore ooour in different ways . A second feature 1 
grain size, also hel ps t o distinguish the two types. The 
silver-rich gold, close to sphalerite in age, is almost in-
variably coarser in grain than the purer metal. Measurements 
made under the microscope support this generalization, for the 
average grain size of 54 grains of a deep yellovT colour i s 14 
microns, that of a further 26 occurring with arsenopyrite is 7 
microns, while that of 16 pale-coloured grains intergrown with 
sphalerite is 34 microns . Here the measure of average grain 
size is taken as the square root of the product of the measured 
l ength and breadth of the gold grains encountered in polished 
section. 
This tendency towards a r eduction in grain size in the l at er 
stages of vein foriDPtion has been conmented upon by the present 
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writer in other deposits described. 
(iv) Statistical Data 
The difficulties attending any statistical study of 
gold in polished section need no e~phnsis duo to its sparse 
occurrence unless the specimens are wonderfully rich. Accord-
ingly, the following observations are considered to be suffic-
iently suggestive to merit incorporation in the text, even 
although they do not carry the weight which would have been 
lent by a greatly prolonged and ~ore detailed study. 
Manner of Occurrence of ll2 Gold Grains in Je ssie Ore 
--------
Manner of Occurrence of Gold G!•ains Colour of Grains 
Intergrown with 
or enclosed by ~ha~~ 
Intergrown with 
or enclosed by galena 
tetrSl:.hedrite 
Moulded on 
or replacing ~Irrhoti]~ 
sphalerj..te 
chalcopyrite 
.,g~ena 
Moulded on 
or replacing ~enop~t~ 
(with or without 
accompanying galena) 
Associated with a_urQ§tibite 
Occurring as discrete grains 
Pale Medium Deep 
Yellow IellovT YelJ.Qli 
16 
5 
4 
3 
4 
5 
7 
42 
-----------· 
Table 13 shows the distribution of all gold grains en-
counter ed in polished sections of this ore. These data were 
obtained by traversing under high-power obje·ctives at inter vals 
of 300 microns, using a mechanical stage . It is seen that 
the palest gold i s intergrown 1.Jith or enclosed by sphalerite , 
galena or tetrahedrite, while the purest is associated with 
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aurostibite or occurs as discrete grains, while some is moulded 
on. the early sulphides. A relatively l arge number of grains 
occur in the interiors of arsenopyrite crystals, where they may 
or may not be accompanied by traces of galena. 
Tho data of Table 13 are interpreted as follows. In the 
early stages of vein formation, the amount of gold precipitated 
was small, probably not forming grains of visible size. Thus 
arsenopyrite, pyrite and pyrrhotite show no evidence of contemp-
oraneous gold~ As vein mineralization proceeded, chalcopyrite 
and sphalerite appeared, and vrere accompanied by silver-rich 
gold which formed coarse-grained masses which came ultimatel y 
to be enclosed by continued crystallization of sulphides. In 
places gold, chalcopyrite, and sphalerite grew side by side, 
resulting in the texture chaructorized by 'mutual boundari es t. 
With the advent of galena and tetrahedrite, t he chemical and 
physical attributes of the vein-forming fluids were undergoing 
change so as to cause the gold being precipitated to be of 
higher fineness. It is logical t o asrune that this stage of 
vein mineralization was sufficiently drawn out so that all 
galena in the ore is not of precisely the same age . According-
ly, some gold associ ated with galena and tetrahedrite resembles 
more closely the early gold, and so~e more closely the l ater 
gold. This would account for some of the gold, intimately 
associated with the galena, being pale, while the rest is of a 
hi gher degree of purity, such as thet accompanying galena in 
the replacement of arsenopyrite. In the closing stages of 
vein forL~tion, very pure gold was precipitated in an environ-
ment favouring the concomitant separation of aurostibite and 
native antimony. It is clearly not possible to assign an age 
t o the discret e gold which does not impinge upon any other ore 
min~rals apart from quartz, but its fine grain and deep colour 
suggest that most of it is late gold. 
~:per:iJ!!@~~Iili.n~ 
Thirteen are samples were taken for assay in or der to gain 
an indication of the range in gold-silve~r ratios . These 
san~les were assayed first for gold ' subsequently concentrated 
by panning, and the concentrates then assayed for both gold and 
silver. In two cases the ore sanples were assayed direct for 
both gold and silver without panning. The results of this 
experiment are shown in Table 14. 
It is seen that the fineness of some gold exceeds that of 
the highest value recorded for gol d racovered by amalganation, 
thereby establishing the pr esence of relatively soall pockets 
of ore in ~1ich the gold is considerably purer than average . 
The highest fineness of amalgam gold has been determined as 
819, vlhereas two assays here show gol d above 860 fine. It is 
noteworthy that these specimens are conspicuously rich, assay-
ing close to 2 and 8 ounces per ton respectively. The experi-
ment also shows that very low-grade specimens are characterized 
by a high proportion of silver. Thus, four samples, all con-
t aining less than 4 dwt./ton, show apparent fineness ranging 
from about 600 to below 300. To Hha t extent the Sl:J. low values 
are influenced by the presence of silv~- other than that 
alloyed with gold, or analytical error, is not precisely known, 
although the microscopic examination of concentrates shows that 
these can be no mo:::-·e than contributory f actors, for these 
conoantrates contain ~ore pale gold than the others. 
In between those samples showing the extremes of pure gold 
on the one hand and silver-rich gold on the other, the r emainder 
show finene ss values and gold contents which are intermedi ate 
in degree . These represent mixtures of both fine and impure 
gold in diffor ent proportions. 
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Table 14 
Assays of Jessie Mine Sanples 
...---
-------Sanple Assay Cone, Assay 
Sanple No. (dwt./ton) (dwt./ton) 
Gold Silver 
~---
,36 162.7 n.d. n,d. B76 
38& 39.5 ll6.7 18.6 862.5 
35 8.0 n.d. n.d • 792 
.3882 20.1 40,..4 10.7 790.6 
,3879 9.4 46 • .3 18.2 717.8 
.3874 7.3.0 4.37.8 191.0 696.2 
.3B76 14.8 40.1 25.8 608.4 
.3B77 2.0 9 • .3 6.5 588.6 
,3880 19.8 75.5 55.2 577.6 
.3875 25.2 164.6 1.30.9 557.0 
.387.3 1.8 4.0 .3.7 51.9.4 
.3878 ,3.6 11.8 1.3.4 468.2 
,388.3 1.5 2.3.7 60.1 282.8 
The data have been plotted in Fig, 1.3, which brings out 
the existence, albeit somewhat lao sely defined, of a correlation 
between apparent fineness and tenor. Such a relationship could 
not be detected from production data, probably due to the r elative-
ly small variation in fineness of amalgam gold arising out of the 
' averagi ng-out', or mixing of gold of differ ent types in the mill. 
The st at ement made above, that the var iabl e apparent fineness 
of concentrates is due to the occurrence in t hem of differ ent 
proporti ons of gold of varying degr ees of fineness, can be sub-
st antiated by a grain count. I t can al so be shown that even the 
highest indicat ed f i neness of gold as determined by assay (876), 
fall s shor t of the fineness of some of i ts constituent grains . 
Representat i ve sampl es of the conc~rates , mounted i n small 
cyli nders of plast ic resin and polished, were examined under the 
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Fig. 13. Apparent Fineness Values Plotted Against Grade of 
Jessie Mine Samples. 
microscope. The results of this examination are given in 
Table 15, which shows the average distribution of gold grains 
of different degrees of fineness for every 10 grains encountered. 
It will be noted that as the apparent fineness of each sample 
increases, the proportion of pale-coloured grains decreases. 
At the same time, the reason why some relatively high-grade 
specimens fall below the mean curve in Fig. 13 becomes clear; 
these are specimens which contain a particularly high content of 
coarse-grained, silver-rich gold. 
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Character of Gold in Jessie Mine Concentrates 
Assay (dwt./ton) 
-roc~-;;ru;;,-pe;-10 grains of gol 
Apparent Pale Medium Deep Reddish 
Sample Concentrate Fineness Yellow Yellow Yellow Yellow 
--- -- -------------
1.5 23.7 2$3 6 1 3 
25.2 164.6 557 4 5 1 
73.0 437.8 696 3 5 1 2 
20.1 40.4 791 1 5 2 2 
.39.5 116.7 86,3 1 4 4 1 
~----
--- ------
------
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E • THE TURK MINE 
The Turk mine lode, a pyritic impregnation in greenstone, 
shows a correlation between the purity of the gold and the 
richness of the ore. This is apparent both from production 
data and from experimental sampling. There is also a suggestion 
of a general decline in gold fineness with increasing depth. 
The sulphide mineralogy is exceedingly simple. The manner of 
occurrence of the gold is described. 
Introduction and General Geology 
The Turk mine, located some 35 miles north-east of Bulawayo, 
has been described in some detail by Macgregor, Ferguson and Amm 
(1937, p. 161), who write as follows; 
11 The ore body i s a lode formed of quartzy impregnations in a 
strong shear-zone traversing the greenstones. In places it con-
tains quite solid quartz r eefs, and it appears that it was these 
quartz bodies which first attr acted attention to the deposit, and 
that the importance of the impregnated greenstone as a source of 
ore was not fully realised for some time •11 
The width of the shear zone averages 50 or 60 feet, and the 
payable sections are lenticular in shape, approaching a thousand 
f eet along strike, and some 20 to 25 feet in width. Along the 
shear zone the greenstone is s~rongly carbonated . 
Production and Fineness Data 
The production data show that the average grade of this 
deposit is low. Since 1932 the r ecover ed grade has not risen 
above 4 dwt./ton , while the average has been closer to 2. 5 
dwt./ton. In the initial years, however , when attention was 
directed. only to the quartz veins wbich form part of the lode , 
the grade was r emarkably high, and in 1921, the first year of 
production, an ounce and ·a half. of gold was recovered per ton 
of ore . The tonnages treated duri ng these early years were, 
however, low, r eflecting tho r elative unimportance of thi s type 
of ore in contrast with the impregnated greenstone . 
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The decline in the fineness of the recovered gold synchronizes 
with the decline in the average content of gold in the ore. 
This is well illustrated in Fig, 14, where the fineness of the 
recovered gold has been plotted against the average recovery for 
each year during which gold was contributed only by the Turk Lode. 
In some years, ore from additional sources was mixed with Turk 
ore, and, accordingly, these outputs have been ignored. MOst 
plotted points are seen to lie close to a mean curve, and the 
Turk mine thus provides another example in which fineness and 
tenor vary sympathetically. While it might be argued that 
during the initial years the high fineness was due to oxidation 
or secondary enrichment, due attention should be paid to the 
fact that during this period mining was highly selectivea high-
grade quartz was crushed and a high proportion of the gold was 
recovered by amalgamation. In subsequent years much more 
substantial tonnages of ore of a lower grade were treated by 
direct cyanidation after crushing, amalgamation having been 
abandoned with the step-up in t onnage milled in the new plant. 
In the account by Macgregor, Ferguson and Amm (loc. cit.) 
there is included a photograph taken underground, showing a 
very narrow stope on quartz reef, opening out into a very much 
tdder stope later developed when the value of the impregnated 
:z. 
rock was r eali¢ed. This emphasizes the highly selective mill-
ing which characterized the early years of the history of the 
mine. 
The decline in the fineness of recovered gold cannot with 
justification be attributed to changes in the methods of 
recovery. Thus, in the first year of production, the fine-
ness of amalgam gold was actually a little lower than the 
fineness of cyanide gold, and thereafter was a little higher 
than it. The average fineness of both cyanide gold and 
amalgam gold fell with the decline in the average grade of 
ore treated . 
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The Manager of the mine kindly supplied the writer with data 
bearing on the relative distribution of gold and silver in the 
ore, Assays were carried out, by the management, for gold and 
silver in 86 samples taken at 15-foot intervals along the 20th 
and 22nd level drives in the B Lode West Shoot. The results of 
this sampling are given in Figure 15 in which the calculated 
value 1000 Au/(Au + Ag) of each sample has been plotted against 
the gold assay. Although the majority of points are clustered 
in the 2-to-6 dwt./ton, 620-to-830 fineness field, and show 
little in the way of orderly distribution; samples above 830 
fine tend to be considerably richer than average, and samples 
above 860 fine include only those assaying between 9 and 45 dwt. 
gold per ton. Conversely, all samples below 600 fine are low 
in grade, and the highest assay recorded in this category is 
only 3.1 dwt./ton. It is, however, quite likely that the very 
low apparent fineness values are slightly influenced by traces 
of silver introduced during assaying. 
Here, then, is another clear example where experimental 
sampling has established a correlation between the apparent 
fineness and the total gold content in a series of samples 
representat ive of all classes of ore. One particular aspect 
calls for furthur discussion. The highest value for apparent 
fineness was found to be 882, w'1ich falls short, by 25 parts 
per thousand, of the highest value determined by actual recovery 
by amalgamation, during the f i r st year s of product i on when the 
ore came from shallow dept hs . This might be due to the maximum 
r ange in finene ;:JS values not having been ronli zsd in the experi-
mental sampling_, t o the r efinin g action of oxidation near the 
surface, or to an or i ginal decline in the aver age fineness of 
the gold with increasing depth at the time of deposition. It 
does not appear to be possible to est ablish which f actor was most 
potent without ~ f uller investigat i on, but i t is certain that 
the 1speciment gold itself usually contains a little more silver 
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at 2,000 feet from surface than in the upper levels. Two hand--
picked specimens of quartz, containing abundant visible gold and 
no other minerals apart from traces of pyri to, were assayed. 
The first, containing 37 dwt. gold per ton, indicated that the 
fineness was 860, and the second, containing 140 dwt. gold per 
ton, gave a value of 895, 12 parts per thousand l ess than the 
average fineness of gold recovered by amalgamation in the quartz 
veins close to surface. 
~he Evidence of Polished Section~ 
-----
Specimens of ore collected by the writer on the 20th l evel 
reveal a very simple mineralogy. Sparsely disseminated ~~ 
is the only sulphide to occur in significant amount. Macgregor, 
Ferguson and Amm recorded the presence of ~senopyrite in small 
quantities, but none is present in the writer's specimens. The 
pyrite is in the form of subhedral and euhedral crystals, mostly 
about 1 rom squar e , and is often crawded with unreplaced host-rock 
fragments. Cha1copyrite is present in very small amounts, 
replacing the inclusions in pyrite and filling any available 
fractures or the interstices between pyrite crystals. Gol~ 
may be det ected without undue difficulty under high magnification. 
It shows a distinct preference for the interiors of pyrite 
crystals, where it is found as tiny granules a few microns across. 
The largest grain encountered in this environment measures 13 
microns, but most appear to be less than 5 microns. It is a 
curious f ea t ure that the gold seldom occur s as i solat ed gran-
ules, but r at her as a r ing of tiny sat ellites surroundi ng a 
r el ativel y l arge central bleb (Plate XIV, Fig. 1). It appear s 
as if t he gold was irrtroduced into the pyrite by r eplacement of 
the i nclusions within i t , and it i s l i kely that chalcopyrite 
and gol d are of approximately the same age, as they sometimes 
occur together , as i l l ustrated in Plate XIV, Fig. 2. 
The wri t.er procured sever al specimens of the vein quartz 
containing visible gol d, from depths great er t han 2000 f eet 
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below surface. These specimens are of either white or grey 
quartz containin6 ribbons of incompletely replaced schistose 
material. Geld can be seen with the naked eye, in spite of 
its finely divided state, for grains tend to be clustered 
together, producing in the quartz yellowish patches or str eaks . 
Under the micro:.;cope the only ore minerals detected were pyrite 
and gold, the l ·ltter ranging continuously in size from sub-
microscopic gre.ins up to about 80 microns. The greak bulk of 
grains are, ho~-rever , less than 30 microns in average dimension. 
It has been mentioned that where gold occurs in abundance in 
this way, it is purer than that which occurs in the less 
intensely metallized ore. 
Plate xry 
Fig.l Gold granules (centre or field) in pyrite from 
Turk mine. Note larger central grain with a halo 
of smaller granules, a mode of occurrence which 
seems to be common in this ore. x 360 • 
Fig.2 
py 
• • 
• 
r 
Gold and chalcopyrite -replacing a shred of country 
rock (stippled) enclosed in the core of a pyrite 
crystal. x 750. 
F • THE LONELY MINE 
This deposit is a quartz r eef which contained abundant gold 
and sparse sulphides in the upper levels, but which failed 
at about the 25th level. Sulphides appeared in abundance 
only in depth. It is shown that gold fineness and total 
gold content decl:ined with increasing depth. Different 
factors which could be correlated with these changes are 
discussed. The most significant of these appears to be a 
change in the habit of the gold. In specimens from the 
upper levels gold occurs as abundant grains of 1 free 1 gold, 
whereas in depth it is :irttimately inter grown vli 'tl:n sulphides. 
A greater proportion appears here to have separated at a 
relatively early stage in the paragenesis. 
~reduction and General GeQlQgy 
The Lonely mine, in the Bubi District of Southern Rhodesia, 
achieved enduring fame as a deposit of outstanding richness 
during the earlier years of gold mining in the territory. In 
the first twenty years of its life the average annual r ecovery 
'\lEI.S never les :3 than half an ounce of gold to the ton, and 
wa~ for most of t his time nearer to an ounce. Unlike the untold 
number of deposits throughout the country which have showed 
gr eat promise at shallow depths, but whose values proved to be 
ephemeral on further development, the Lonely Reef handsomely 
r epaid treatment down to about the 27th l evel, a depth reached 
by a r elatively small proportion of deposits in this country. 
Although development was still continued far below this level, 
the rich ore had been exhausted and the production data reflect 
the steady decline until the cessation of operations i n 1944. 
The deposit was described .by Macgregor (1928) as a quartz 
r eef, dipping at 80 degrees in the upper levels but flattening 
to near 60 degrees in depth, occupying a fault plane in limburg-
itic greenstone and serpentine , A later post-ore fault in the 
plane of the reef was traced to the greatest depths reached, and 
encountered in all sections of th~ workings as a clay seam, 
·causing oxidation of the r eef to ~epths unprecedented in the 
terri tory. At the lOth level the ore is said to have been 
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completely oxidized, while partial oxidation of the ore was still 
apparent below 3,000 feet . Regarding the deeper sections of 
the workings, however, Macgr egor states that "the oxidation takes 
of 
the form of stainingithe joints of the shatt~red quartz, and 
does not often involve complete oxidation of the sulphides." 
In his brief description of the ore, Macgregor states that 
pyrite, as small cubes and pyritohedra, was the only sulphide 
found in the upper levels, and that other sulphides were met 
with only in depth. Coarsely crystalline sphalerite was en-
countered on the 25th level either intergrown with quartz or as 
solid lenses up to six inches thick, and on the 26th level 
galena and chalcopyrite appeared, cut by veinlets of sphalerite. 
Production and Fineness Data 
--===----== 
The complete history of production is recorded in the Gold 
Regist ers in the office of the Mining Commissioner in Bulawayo. 
The pertinent production data for tho years 1907-1932 were taken 
from this source, and are here summarized in Table 16. The 
data for 1933-1944 have been omitted because they cannot strict-
ly be compared vrith those for the earlier period. This arises 
out of the incorporation, with mill bullion, of gold produced 
by treatment of silver-rich mill slags, as well as significant 
changes in the milling procedure, 
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!able 16 Lonely Mine Production Data 
Go 1 d Fin eness Recovery 
Year Hill Cyanide Average Total ozs. dwt./ton 
--- ------· 
1907 1,678 .35 • .3 
1908 9,446 24.5 
1909 1.3,.397 22,7 
1910 958.2 11,621 15,.3 
1911 955.7 21, 814 19.5 
1912 954.7 .37,72.3 20,0 
1913 958.0 52,011 17.6 
1914 955.4 44, 94.3 14.6 
1915 954f5 .36, 799 12.9 
1916 956.7 41,491 10 • .3 
1917 955-5 949.4 951.2 52, 626 18. 2 
' 
1918 954.1 94.3 .0 947.0 49,5ED 18.2 
1919 950.5 947.0 947.4 71,800 25 .9 
1920 952.1 946. 6 948.7 64,246 21.7 
1921 948.6 941.7 943.7 56,625 19. 2 
1922 94.3.9 929.5 934. 6 51,614 15•8 
192.3 943.2 929. 8 930,7 45,5.36 1.3.9 
1924 9.38.1 919 .1 922.1 45,452 1.3.7 
1925 90.3.1 .37,299 11.7 
J.926 891.4 .34, 54.3 10.7 
1927 910 • .3 .31,137 9.9 
1928 924.0 46, 201 14.8 
1929 932.4 49,.368 15.6 
19.30 923.2 9.35.2 9.3.3.1 45, 9.37 12. 8 
1931 9.32.6 936.1 935. 5 .38,255 9.2 
1932 953. 5 952. 4 952.6 27, 565 5.6 
---
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The purpose of Table 16 is to illustrate the uniformity of 
gold fineness from 1910 to 1920 and the rapid decline between 
1921 and 1926, running parallel with a steady fall-off in the 
average grade of the ore in the same period. The differences 
in the fineness of amalgam and cyanide bullion are generally 
so small that they may be disregarded, and attention directed 
to the average figures. The variation is best illustrated in 
Figure 16, in which year-to-year variations in grade and 
avera[:e fineness are represented graphically. Between 1910 
and 1920 the fineness remained fairly constant regardle ss of 
the varistions in gold tenor; from 1921 until 1928-1929 the 
two values declined sympathetically, while, aft er this, there 
was again no relationship apparent between fineness and t enor. 
The data have been represented graphically in Fig. 17, in 
slightly different form, where it is more clearly brought out 
that while either high- or low-grade ore might contain gold 
which i s relatively pure, high-grade ore is never silver-rich. 
The shape of the mean curve which can be drawn through the 
majority of points, and the occurrence of other points well 
above the curve, but not below it, are characteristics by now 
familiar from other examples already studied. The sympath-
etic decline in fineness and average tenor after 1920 can be 
rather more forcibly brought out by plotting these two 
variables against each other, using monthly rather than 
annual outputs, but this diagram has been omitted as it merely 
r epeats in det ail Fig. 17. 
These vari ations in gold fineness demand explanation. 
Macgregor, commenting on them, made no suggestions as to the 
ultimate cause, and confined himself to the observation that 
the decline in fineness with i ncreasing depth was the r everse 
of what was found i n the Kolar gold field . However, from the 
ex)erience gained in the study of similar variations in other 
deposits, it is now possible to suggest an explanation for these 
feature.se 
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~£tors correlate~th Variations in Fineness 
------- - -
Any discussion of the probable causes of the variations 
in fineness must take into account each of the following factors:-
(a) Variations in the method of recovery, 
(b) Oxidation of the ore, 
(c) Variations in the aver age t enor of tho ore, 
(d) Depth, below surface, of source of ore , 
(e) Zoning, 
(f) Mineralogy, 
It is proposed to discuss briefly each of these factors and to 
assess, where possible, to what extent they may have a bearing 
on the problem, 
(a) Variations in the method of r ecovery 
Excepting additions to the crushing section of the mill, 
the mine employed the same method of recovery from 1911 to 1927, 
and during these year s the tonnage treat ed each month by cyanidQ-
t ion was equal to that crushed. After 1927 the tonnage treat-
ed by cyanidation reached, in some years, up to four times the 
amount crushed, due to tho r etr catment of accumulated r esidues 
and treatment of a further considerable tonnage by direct cyanid-
ation, This change in milling procedure is mirror ed by a rapid 
rise in average fineness during 1928-1932, until it equalled the 
value characteristic of the earlier years of production. The 
data for these years should thus be disregarded, for gold was 
during this period being r ecover ed by r etr eating of material 
stemming from numerous sources. Accordingly, a demarcating 
line has been drawn in Fig. 16 t o separate returns for this 
peri od f rom tho se prior to 1928. 
(b) Oxidation of the Ore 
The influence of oxidation on the purity of the gold 
alloy is here an unknown f actor. · The work of several authors , 
in particular Fisher (1935) points, in general, to the efficacy 
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of oxidation as a refining agent in certain environments. 
Macgregor, who discussed tho oxidation of the ore, stressed 
the extreme depths to which it has been active in this deposit, 
although he qualified the discussion with the statement that 
in the deeper levels 11 the oxidation takes the form of staining 
of the joints of the shattered quartz, and does not often 
involve complete oxidation of the sulphides".. While the 
possibility that oxidation may have played some part in the 
refining action of gold in the upper levels cannot be denied, 
it is considered t hat this effect would have been quite sub-
sidiary to other factors, discussed below, whi ch experimentaJ. 
work now shows to have had a profound influence on gold purity. 
It is perhaps relevant to note that Swiegers (1948, p.l24) 
found that, in the Pilgrims Rest district of the Transraal, 
Au/&g ratios were no higher in thoroughly oxidized ores than 
in sulphide ores. 
(c) Yariations in the Average Tenor of ~he Ore 
As described on a previous page, there is a correlation 
between fineness and tenor which is similar to that which has 
been established in other deposits studied. Portions of the 
ore body which carry gold of high fineness may range in grade 
from very high to low, but ore in which the gold is silver-rich 
has almost invariably a low total gold content. 
The cause of this r elationship is discussed in a succeed-
ing section. I t is held that changes in physico-chemical 
conditions prevailing duri ng deposition must have influenced 
both factors. 
(d ) ~IDa.L.Below Surface of Source of Ore 
Macgregor has establi shed that the decline in gold 
fineness may be correlated with the incr easing depth of the 
workings . The following discussion appears in his report:-
"The r eturns show that ;Jihere has been a slight but gradual 
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drop in the fineness of the gold from the surface downwards, 
For the gold above the lOth l evel the average fineness was 
958. During the years between 1915 and 1921 a large number 
of stopes were being worked, and it is not possible to draw 
any useful conclusions r egar ding the f ineness of the gold 
from the r eturns. In 1921, however, ore was taken mainly 
from the stope above the 21st level, and the fineness was 
95lo In the next year the stopes aLove and below the 22nd 
l evel were being worked and the fineness was 934; similar-
ly the ore taken in 1923 from the stopes above and below 
the 23rd level has a fineness of 930. During 1924, 1925 
and 1926, when ore at still greater levels has been worked, 
the fineness dropped to 920, 902 and 891 respectively." 
( e ) Zo!!iJ:!g 
The examination of available dat a suggests a zonal 
distribution of ore minerals . Macgregor described how pyrite 
was the only sulphide in the ore down t o the 25th level, 
where sphalerite appeared, and which was then joined by chal-
copyrite and galena below the 26th level. The mine sampling 
statistics showed a drastic r eduction in the payable length 
of ore from 500 - 1100 feet above the 25th l evel down to 600 
feet on the 26th l evel, 130 f eet on the 27th level and there-
after a few hundreds of f eet, at best, to the deepest level 
r eached . Again, sampling showed that the aver age computed 
val uc of r eef varied anywhere between 11 and 54 dwt·./ton from 
the 27th level up1t1ards, whereas below this the average values 
r anged merely from 1 to 4 dwt./ton, and the computed r eserves 
showed a r eduction in gold content between the 24t h and 27th 
levels from 36,000 ounces to 3, 300 ounces per level. All 
these features serve to create an impression of radical change 
in the general charact er of the ore body, under the influence 
of zoning, at about tho depth of the 25th level, Conditions 
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of mineralization appear to have been unifor m down to about 
t ho 21st level, below which zonal change was heralded by 
droppi ng gold fineness. Below this again, where copper , lead 
and zinc sulphides appeared in significant quanti ties, the gold 
f ineness dropped below 900. 
It thus becomes essent ial to establish whether there is 
any discernible difference i n tho gener al character and mode 
of occurrence of the gold in the upper l evels, and in the 
deeper l evels where sulphides become conspicuous. 
is discussed below. 
(f) Mineralogy 
This work 
The Lonely mine having closed down nearly 20 years ago, 
it was impossibl e to procure such specimens as one would select 
during a personal examination,. Hm.rever, those that were o~ 
tained from the Souther n Rhodesian Geological Survey and the 
Nati onal Museum suggest an expl anation for the decl ine in gold 
finenes s which is in complete harmony with observations mama 
independently during the study of other deposits in the 
territory. Far from denying correlationsbetw.een f i neness , 
tenor, depth of source and zoning of tho ore body, the mineral-
ogy brings out most forcibly t hat these arc merely different 
r esponses to the changes in physico-chemical conditions during 
vein formation. 
The or e specimens which the writer was abl e to gather 
t ogether fall into two categories :-
(i) Specimens of vein quartz with very sparse sulphides, 
from the higher levels of the mine, and 
(ii) Specimens, rich in sulphides, from bel ow the 25t h level. 
(i) Vein Quartz f'rom t he Upper Levels . 
The.so specimens consist of medium- grained vein quartz 
with numerous closely spaced films ·of yellow- green chloritic 
material (ribbon structure). A typical specimen i s shown in 
Pl~te rv. Sulphides are present in . such small amounts that 
Plate XV 
Handspecimen of Lonely mine quartz reef from 17th 
level, showing ribbon structure. Sulphides are too 
fine in grain to be visible. Natural size. 
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they could be overlooked on casual examination. With a hand 
lens, however, strings of tiny pyrite crystals can be se3n 
along the greenish 'ribbons' in the quartz. Under tho micro-
scope these pyrite crystals are seen to range in size down to 
the lower limits of visibility, and to occur either in tiny 
clusters or in strings. There also occur in the quartz very 
rare patches, 1-2 mm across, where it is dark grey or black, 
suggesting the presence of finely dispersed metallic minerals 
other than pyrite. Several polished specimens were pr epared 
f~om quartz containing these tiny spots, and ultimately there 
was reveal ed an opaque mineral occurring in the form of 
clusters of minute grains, just sufficiently large to permit 
determination of their physical ~operties and reaction with 
etch reagents, as well as a rough determination of their degree 
of reflectivity. This mineral, which the writer concludes is 
};>ournoni te, Cu2S. 2PbS. Sb2S 3, is opaque and weakly anisotropic 
between crossed nicols , when it shows multiple twinning in the 
form of parall el l amellae . Hs colour is white with a bluish 
tinge, and it appears to be softer than chalcopyrite with 
which it may be found in contact. Tho standard etch r eagents 
have no effect on it. A tiny chip of quartz containing this 
mineral was r epeatedly treated with 50% HN03 and evaporated to 
dryness with gentl e heat until the quartz became colourless, 
indicating that tho ore mineral had passed into solution. The 
solution, t~sted according to the scheme of Short (1940, p.270) 
gave positive results for copper, lead and antimony, t®us support-
ing the identification as bournonite. The reflectivity, deter-
mined to be approximately 32. 5%, is reasonably close to the 
value of 34.5% assi gned by Moses or 35.5% assigned by Folinsbce 
(1949) to bournonite. Occurring with the bournonite are tiny 
gr ains of ~h!aJ:copyrite , which ar e definitely older, for tho 
former either encloses the chalcopyrite complet ely or forms dis-
continuous rims around it. A third miner al, with higher 
reflectivity and lower degree of hardness , occurs intimately 
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intergrown with the bournonite. Its identity could not be 
established, due to its very finely divided state. In colour 
it is silvery white and between crossed nicols it is isotropic. 
Chief interest in those specimens centres around tho BQl9o 
The specimens procured proved to contain abundant finely 
divided gold, although none whatever is seen in unpolished 
specimens, even in the face of careful search with a hand l ens. 
The gold occurs in clusters of exceedingly sn~ll but abundant 
grains, usually close to the strings of tiny pyrite crystals, 
and, quite de.fini t.Jly, mo st of the gol d is cone en tr ate d in tho 
ribbons of chloritic mateT.ial r ather than in the quartz. A 
statistical count, embracing 558 gr ains, showed 432 (77&4%) 
of the grains to occur discrete in the gangue, 51 (9.1%) to 
be touching pyrite or moulded to its outlines, and 73 (13.lfo) 
to be wholly enclosed in pyrite. A great proportion in this 
latter cat egory do not appear to occupy fractures in the 
pyri t o , and are almost spheF"ical in shape·.. 2 grains were 
found intergrown with an unidentified, opaque, grey mineralo 
The colour of gold grains in these specimens is a rich 
golden yellow, und no variation in colour could be detectedo 
Where grains of chalcop,yrito occur in the same field with gold, 
the former are by contrast palo yellow with a faint gr eenish 
tinge. An assay of a composite sampl e of this ore gave an 
apparent fineness value of 940 and the gold content was 17o4 
dwt./ton. 
The range in size of gold grains was investi gat ed stati s-
tically. The l~ngth and breadth of each gr ain wer e measured, 
and the aver age dimension expr essed as tho square root of t he 
product of t he two measurements . Whi l e this does not neC$$S-
arily correspond t o grain si ze such as would be det ermined by 
sieving, it i s a useful i ndex for studyi ng t he frequency of 
occurrence of grains of different sizes . The results of this 
investigation are sLown in Tabl e 17, and also a r ough indice.tion 
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of the proportion of gol d contributed by each fraction. This 
l atter was arrived at by assuming that the @ass of each grain 
is proportional to the cube of the average dimension. While 
this would introduce only a small error in the case of equi-
dimensional grains, the error clearly becomes progressively 
more serious as the grains assume tabular or . lath-like habits. 
The actual error introduced cannot be estimated, but examination 
of the measurements shows that approximately 45 par cent of all 
grains have a length-to-breadth ratio of 1.0, a further 40 per 
cent a r atio betweon 1 and 2, and the r emainder a r atio above 
2.0. 
Some conclusions of a general nGture can be dr&wn from 
this data. By far tho greatest number of grains are exceed-
ingly small, more than 70 per cent being less than 5 microns 
in size. As tho average size incre3ses the number of grains 
decreases, and'ultimately thG number whose average dimension 
exceeds 20 rJic rons is only 1.5 per cent of the total. At the 
same time, the proportion of the total mass of gold contributed 
by the small grains is almost negligible, for those grains 
below 5 microns in size represent only 4.3 per cent of the 
total gold in the oro. The largest proportion of gol d is con-
tributed by the r elatively sr~ number of large grains: t hose 
above 20 microns constitute more than 50 per cent of the total 
mass of gold. In general terms, then, the ore i s character-
ized by finely divided gold; the actual size of the largest 
gr ain seen in any of the polished sections i s 65 x 20 microns. 
To what extent these measurement s are characteristic of the 
ore body cannot be determined without a larger collection of 
speci mens . 
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Table 17 
Grain Size of Lonely Mine Gold 
------~---- ---Particle Number Percent. Volumo Percent• Weight Cumulat-
Size of of Factor X per cent ive 
(microns) Grain§. Grain§ _.(yl_ _(yJ_ 
----
Weight 
Percenh 
--
1 90 16.1 1 16 o.Q o.o 
2 112 20.1 8 161 0.3 0.3 
3 81 14~5 27 392 0.7 1.0 
4 77 13i8 64 883 1.5 2. 5 
5 47 8£5 125 1063 1.8 4.3 
6 31 5.6 216 1210 2.1 6,4 
7 23 4.1 343 1406 2.4 8.8 
8 25 4.5 512 2304 3.9 12.7 
9 15 2.7 729 1968 3 .. 4 16.1 
10 17 3.0 1000 3000 5.1 21,.2 
11 8 1.4 1331 1863 .3.2 24 • .4 
l 2 4 0.7 1728 1210 2.1 26.5 
1.3 4 0.7 2197 1538 2.6 29.1 
14 4 0.7 2744 1921 .3. 3 .32.4 
15 2 0.4 .3375 1350 2.3 34.7 
16 3 0.5 4096 2048 .3. 5 38.2 
17 3 0.5 4913 2457 4 .2 42.2 
18 3 0. 5 5832 2916 5.0 47.4 
19 1 0.2 6859 1372 2.4 49.8 
20 0 o.o 8000 0 o.o 49 •. 8 
21 2 0.4 9261 3704 6.4 56.2 
22 0 0.0 10648 0 o.o 56. 2 
23 2 0.4 12167 4867 8.3 64.5 
24 1 0. 2 13824 2765 4.7 69.2 
25 0 o.o 15625 0 o.o 69 . 2 
-.30 0 o.o 19683 0 o.o 69.2 
-35 .3 0. 5 35937 17969 30. 8 100.0 
--
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Edwards (1955) has described the variation in grain size 
of gold in ore from the Hill 50 Gold Mine in Western Australia. 
The sane increase in the nunber of particles wdth decrease in 
grain size is reported, while the balk of the gold here is also 
contributed by tho coarser particles. In the present vll'i tor 1 s 
examination a decrease in tho nm1ber of particles below 2 microns 
is i ndicated by the measurements. This is at variance with 
EdwardsT conclusions, and also with those of Joralemon (1951) 
at the Getchell mine; in both cases there was found a steady 
increase in the number of gold particles down to the 1 micron 
fraction. It is more than likely that the present writ erts 
findings for the 1 r.rl.cron frc.ction are inaccurr.te. With the 
equipment and polishing apparatus avail able, it is possible 
that many grains of this size are either not r ender ed visible 
or ar e overlooked, causing the number of grains in this frac-
tion t o be underestimated by a few per cent, whereas those 
around or grenter than 2 Llicrons would not be missed. 
(ii) Sulphide-bearing Specimens froo below the 25th Level 
Two specimens of ore with abunda.nt coarse-grained 
chalcopyrite and sph~erite, and one of sphalerite without 
chalcopyrite wer e avail abl e for study. The mineralogy proved 
to be fairly straightforward although the paucity of materiil 
leaves in doubt the identity of one mineral which is present. 
Chalcopyrite-rich specir~ns show a coarse intergrowth 
with sphalerite, and these two mineral s occur in about equal 
proportions with quartz. Ei thor st,lt>hide my form patches up 
to several centimetres across, but each patch is a mosaic of 
smaller grains . In addition, ~!a wa.s detected under the 
microscope as tiny grains enclosed by the other sulphides , and 
,gale~ as tiny euhedral cubes in quartz, possibly pseudomorphous 
aft er pyrite, as galena in ores of this type tends, in general, 
to be without crystal faces . The pre sence of ~~~~ as 
exceedingly tiny grains i s suspected, but this could not be 
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confirtled. The chalcopyrite is unaccompanied by cubanite, but 
this is not unexpected, ns no pyrrhotite occurs in the ore.. The 
sphalerite, which is younger than the chalcopyrite, contains 
exsolved chalcopyrite occurring as plates and blebs aligned with 
geometric precision. 
Although the specinens are not rich in gold, sufficient was 
detected to establish its nature and mode of occurrence, and i n 
these respects it contrasts t1ost strikingly with gold from higher 
levels. In all, ten grains were located. All are wholly 
enclosed in chalcopyrite without visible fractures, and their 
appear ance suggests that they are contemporaneous with chalcopy-
rite (aee Plate XVI}, The crystallization of chalcopyrite appears 
in places to have been protracted, such that it is intergrown 
with galena and gold and all three are contenporaneous. No 
gold was found with pyrite or in quartz in t hese specioons, and 
sphalerite appears also to be barren. The colo<~ of the gold 
is a pale yellow, and while, in the upper levels, chalcopyrite 
appeared pale by contrast with the gold, the reverse is no;., 
the case. The gold i s silvery, indicating a much higher con-
tent of silver. 
There are differences in grain size which deserve corament. 
In a preceding section the var iRtion in grain size of gold in 
the vein quartz was discussed in some detail, when it wa s 
pointed out that the proportion of the total nunber of grains 
with their average dinension greater than 5 microns was small. 
Yet of the ten grains described her e , two are larger than any 
so f ar encountered (75 x 20 nicrons and 52 x 28 rrlcrons r espect-
ivel y ), and f ive of the ten exceed a nean dir~nsion of 12 
r.rl.crons. In the specinens fronhigher l evel s only 6 per cent 
of the t otal nw:1ber were found to exceed t his 1Jo.rticule.r size .. 
It is clear, then, that there i s .a t endency for grains of gold 
intimately associated with the chalcopyrite to be l ar ger in 
size, as well as richer in silver,.than those occurring with 
pyrite or a3 discrete grains in the upper levels. 
Plate XVI 
. . 
• • 
8~/ 
~·~· 
• 
• 
Pale-yellow gold enclosed in coarsely crystalline 
chalcopyrite from deeper levels of Lonely mine. 
This gold is considered to have crystallized at a 
rel atively early stage. x 360. 
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It may be concluded fro~ this study that, in the deeper 
portions of the ore channel, gold was precipitated in only 
small aoounts, and then in company with chalcopyrite and 
sphalerite. This gold alloyed with more silver than that 
which was precipitated higher up in an environment in which 
sulphide minerals were deposited in only exceedingly snail 
amounts. Here, too, conditions favoured the throwing-down 
of gold in copious a~ounts . Consequently, the ~ost signif-
icant changes in tho character of the ore body with increas-
ing depth are a decrease in the fineness of the gold, a de-
crease in average grade, and a change i n the manner of 
occurrence of the gold grains. 
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This deposit is a hypother mal impregnation of ar senopyrite 
with subordinate ferberite , pyrite , pyrrhotite and chalcopyrite, 
in greenstone . The fineness of r ecover ed gold i s r emarkably 
constant, and the study of polished sections shows t hat there 
is a scarcely perceptible variation in the colour of the visible 
gold in the ore. This uniformity of cor.1position is correlated 
with its i nvari ant position l ate in the paragenesis, in which 
r espect it differs from deposit s thus f ar described where the 
fineness varies widel y . The study of borehole core sampl es 
suggests that pyrrhotite contains small anounts of gol d and a 
r el atively gr eat er pr oportion of silver, and this view i s con-
f irmed by assays of separate sanples of pyrrhotite and arseno-
pyrite . While arsenopyr ite has been most effective as a 
pr eci pi t an t of gold, pyrrhoti te aJ?pear s to have be en ineffective • 
I ntroduction and Outline of Geology 
The Blanket 'A I nine is one of a long line of Llining claims 
along a zone of mineralizati on extending for about 10 miles 
along the strike of the schist belt north-west of Gwanda. This 
' 
particulJr deposit has nany f eatures in co~non with the other 
deposi t s north- west and south-east of it along the sane line, 
particularly with r egard t o the character of minerali zati an and 
structur e , although the hmt rock may vary from place to place . 
The deposit was not descr ibed by Tyndale- Biscoe (1940) i n 
his account of t he Gwanda area, but a conprehensive examination 
in the forn of napping and sampling of the underground workings 
was carri ed out by the writer during a series of visits between 
1955 and 1957• Briefl y, it nay be designated an i mpregnation 
of arsenopyrite with subordinate pyri t e . and pyrrhotite in 
biot ite-actinolite schists of the Gr eenstone Series which here 
strike north-west and dip south-west at about 70 degrees . 
The sulphide ninerali~~tion takes the following for ms : 
(i) Coarso-grained, r oughly parallel sets of veins of 
arsenopyrite in contorted r ock. These veins are 
individually up to two inches thick, closely spaced 
and follo-..r the grain of t he country rock, forming 
strongly mineralized zones , reaching up to several 
feet in width. Plate XVIII, Fig. 2, illustrates 
-llJ-
the contortion which nay characterize these veins. 
(ii) Thinner veinlets, partings and lines of arsenopyrite 
crystals along the cleavages of the host rock, forming 
zones which may be of considerable width. These are 
illustrated in Plates XVII and XVIII. The passage from 
inferior to superior ore is typically marked by the 
transition fran material of this typo t o the coarser-
grained sulphide ore described above. 
(iii) Disseninated, fine-grained sulphides in a hard, fine-
g.rained, silicified gr eenstone superficially reseBbling 
a quartzite, but for~cd by the netasonatic introduction 
of quartz and albite . These bodies are irregular in 
shape, often cutting across the general strike of the 
greenstones against which shar p contacts ar c shown. 
They nay locally be crowded with unreplaced r ennants of 
the l atter, which have their longest axes aligned 
parallel to each other and to the r egional strike. This 
type of or o has generally a noderately high gold mn tent, 
and the unrepl aced r esiduals arc, in particular, liable 
t o be very heavily inprcgnated with sulphides. 
Mineralization appears to have been r elated to the develop-
l?J.ent of openings in the rock, as it is often found to be best 
developed where structures are present which would have facilit-
ated the passage of ore fluids . Thus , strongest mineralization 
oi'ten occurs where there is local flexing with divergence from 
the r egi onal strike, and the weak drag folds which are seen in 
the workings are usually f avourable structures . 
The overall picture , then, is one of narrow but high-grade 
lvnses and ;:;ads of or e within a broad zone of nineralization. 
In places, the sampling indicates an overall aver age of 2- 3 dwt. 
gold per ton over widths of close upon 100 feet . Such great 
widt.hs ara not common in the t erritory. 
Plate Xyii 
Mineralized greenstone exposed in stope on 2nd level 
of Blanket 'A' mine. 
Fig.l 
Plate XVIII 
Mineralized greenstone. Face of drive on 2nd 
level, Blanket 'A' mine. 
~1g.2 Contorted mineralized greenstone. Face of drive 
on 2nd level, Blanket 'A' mine. 
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Gol d is recovered by barrel ar.'la.l ganation of a .heavy concen-
trate representing the first-cut f.ron James tablos, and cyanida-
tion of the r esiduea. One~1alf to two- thirds of the gold is 
recovered by the amalgav~tion, but the ore us a whole t ends to be 
r efractory, retaining from 20 to 30 per cent of its gold in the 
residues after treatnent. The average recovery froB the ore 
stoped is of the order of 2-3 dwt ./ton. 
The silver content of the gold recovered by amalgamation i s 
r emrkably constant . Eleven separate outputs during 1955-1956 
show the true fineness to var y from 901 t o 921, of which ten 
outputs range between 901 and 913 . The grand totals of gold 
and silver recovered by amalgamation during this period indicate 
an average fineness of 908. 8 . Tho fineness of the gold recover-
ed by cyanidation would at first appear t o vary Iilore wic1ely than 
this. Twenty.:.three outputs indicate a range in 1000 Au/(Au + Ag) 
values f r on 833 to 946. It is clear, however, that this var -
iation arises, not so much out of variations in the cooposition 
of the gold in the ore, as va~tions in conditions of smelting. 
In addition to the gold outputs fron cyanidation, small r ecoveries 
are peri odically made by the retr eatoent of accw:1Ulated slags and 
matte. Although not invariably so, these are nostly character-
ized by a high silver content, and the 1000 Au/(Au + Ag) value 
nay f all as low as 783. If the grand totals of t he gold and 
silver rec over ed by cyanicn tion and fron slags and natto are used, 
tho average fineness of gold recovered is 913,8, a figure aloost 
identical to that characterizing a.oalgan gold. 
Thoro can be no hesitation, then, in stating that the 
fineness of tho bulk of r ecovered gol d varies between very 
restricted linits. In this r espect it differs fron deposits 
like the Olynpus, Lone P~nd and Jessie . runes i n which the silver 
content of the amal go.n gold varies. betwuen wide lirai ts, and in 
which this v2r iation. in silver content may be. correlated with 
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variations in the tenor of the ore. It bee omes of particular 
importance, then, to establish the causes of this fundamental 
difference, anc. the oost satisfactory answer seems to be given 
by the detailed study of the nanner of occurrence and position 
in tho paragenesis of tho netallic gold in the sulphide ore. 
!~e Evid~-Q~Polishgd Sec1i~ 
The study of a number of polished sections varying in tenor 
from high-grade to low reveals an unconmonly simple a ssemblage 
of minerals. The assemblage is typically what would be expected 
in a hypothermal deposit, and the low-temperature sulphi4os and 
sulpha-salts are not represented. 
(a.) M!nerals Prese11~ 
Ar..§.QUQ~.!& was the first mineral to crystallize by 
replacement of the country rock. It varies in form from 
acicular idiomorphic crystals to a mosaic in which crystal 
face s are seldom developed, due to the interference during 
growth between neighbouring crystals, especially in ore in 
which arsenopyrite constitutes more than 90 per cent of the 
specinen. Growth-zoning is clearly defined by rows of 
inclusions parallel and concentric to the faces of idiomorphic 
crystals (Plate XX, Fig. 1), In size, these are usually less 
than 3 mn. The arsenopyri t o was f ollowed by a grey, opaque 
rllneral which is present in only snail amount, and which is 
considered to be ferberitQ~ This is moderately anisotropic, 
shows weak colour pleochroism with one nicol and i s scratched 
only when applying firm pressure with a sharp steel needle. 
It is unaffected by all st andard etch r eagents. Insufficient 
mat erial was found for a positive wet test for tungsten. The 
r eflectivity, relative to arsenopyrite, pyrite and pyrrhotite 
standards, was determined as 20 . 3 per cent usi ng the standard 
values of Hoses (Short , 1940, p. 295 ) and 19.2 per cent using 
the standard values of Folinsbee (1949). In these tables the 
Plate XIX 
Handspecimen of mineralized greenstone schist, Blanket 
'A' mine. Arsenopyrite is the chief sulphide, but 
pyrite and pyrrhotite are present in subordinate 
amounts. Two-thirds natural size. 
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Fig.l Zoning of twinned arsenopyrite crystal defined by 
rows of inclusions of unreplaced host rock. 
Inclusions are in turn partially replaced by 
pyrrhotite and chalcopyrite. x 360. 
Fi~ Vein of ferberite (grey) criss-crossed by tiny 
stringers of pyrite (black patches are pits and 
·cracks i n specimen). x 360. 
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reflectivity of ferberite is given as 19.0 per cent and 17.9 
per cent respectively, showing that, within experimental 
error, the mineral in question corresponds with ferberite. 
It occurs as isolated crystals or veinlets within the host rook, 
but also as coatings around arsenopyrite. Pvri te followed, 
and is always allotriomorphic., f avouring the interstices between 
arsenopyrite crystals and filling the fractures in th~, or in 
ferberite (Plate XX, Fig. 2), or nore ra~ely, r epl aci ng the 
arsenopyrite. Pyrite is also crowded with shreds of unreplaced 
host rock, and frequently occurs as nossy clumps representing 
the early arrestriDnt of the replace~ent of the r ock in which it 
occurs. Pyrrhotite followed pyrite, enclosing and replacing it, 
but it is worth recording that these two ~ncrals never appear 
in quantity in the sane specimen: one or the other is always 
present in ovcrwhel~ng aoount . It would be going too far, 
howev 0r, to suggest that the two minerals are mutually exclusive . 
The last sulphide t o comnence crystallization was chalcoQyrite, 
which is only a minor constituent of the ore, occurring in the 
interstices between ol~·.er crystals, but nost frequently surround-
ing, replacing or occurri ng close to pyrrhoti to. .QolsL_ the 
last nineral to forn, is detected without difficulty in all high-
gr ade specimens, forrling fil~s, perhaps only a few nrlcrons thick, 
in fractures in pyrite and arsenopyrite, or tracing out the 
tortuous paths of inter-grain boundaries , Much of it is in the 
form of pellets in the gangue . There is no suggestion that this 
microscopically visible golc1 is anything but a l at e r.rlneral, as 
it is never intergrown with earlier minerals, nor was it ero~ osed 
by other crystals at the t~e of their growth . 
The texture is an interesting one in that it r epresents 
growth in a solid medium. For t~at reason the sulphides, 
particularly arsenopyrite and pyrite, are crowded with unreplaced 
r emnants, often zonally disposed . The residual patches of host 
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rock tra~pcd between growing idionorphic crystals are for the 
saue reason often polygonal, being bounded by strai ght edges 
meeting in r e- entrant angles (Plate XXI, Fig. 1). With the 
advent of the younger sulphides, these r ennants, and more 
particularly the inclusions in arsenopyrite , wer e subjected 
t o further r epl £:cenent by pyrrhotite, chalcopyrite and gol ( . 
The zoned crystals ar c thus sofletinos characterized by r egular, 
oriented 'inclusions' of those ninorals, Tho misinterpreta-
tion of these zonal inclusions of chalcopyrite and pyrrhotite 
woul<1 l oad t o the adoption of an incorrect paragonetic se-
quence, of which the prolonged crystallization of arsenopyrite 
to the l ast stages of sulphide mineralization would be an 
es sential f eature . Such an interpret ation waul~ undoubtedly 
be incorrect . This l at e-stage r epl acenent of inclusions 
also accounts satisfactorily for the rare occurrence of gold 
in shreds of host r ock enclosed in tho interiors of arsono-
pyrite crystals, whor e there are no visible fractures to 
account for their presence. 
Fracturing has been an inportant feature accoopanying 
nineralization. Thi s may be correlated with the buckling 
which has boon r esponsible f or tho superior minerali zation in 
certain sections of tho workings, and which wa s continued 
throughout the deposition of ar senopyrite , but becaoe l ess 
prominent in ~he l at er stages of mineralization, although sone 
specincns of pyrrhotite are weakly fractured, In freshly 
blasted faces underground, discordant pyrrhotite veinlets 
can be seen cutting obliquely across the arsenopyrit e seams 
which f ollow tho grain of tho host rock. In polished section, 
fractures ar c f ound i n arsenopyrite , most coooonly healed wit h 
younger ar scnopyri to or with pyri to. 
(c) The Occurrence ~nd Fineness of Gold 
--------
As has been pointed out, the gold seen in polished sec-
tion shows a narked pref er ence for tho inter-grain boundaries 
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Fig.! Development of a mozaic by interference between 
growing arsenopyrite crystals. Note polygonal 
areas of host rock partially replaced by pyrr-
hotite, also assuming polygonal shapes. x 120. 
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Fig.2 Ramifying veinlets and scattered granules of gold 
in fractured arsenopyrite. x 360. 
Gold coating arsenopyrite crystals and penetrating 
fractures. x 360. 
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of arsenopyrite. A l esser proportion fills fractures (PJ..a.te 
XXI, Fig.2), replaces host rock remnants in sulphides or occurs 
as discrete grains. In polished section it has been found to 
vary in grain size from 1-2 nm down to the lower limit of 
visibility under the .r.rl.croscope, and in fractures it may form 
films only 1-2 microns thick (Plate XXII ). It has been point ed 
out that the Blanket 'At deposit differs from others examined in 
that the composition of both amalga.J!l and cyanide gold does not 
appear to vary much. The ~icroscope confirms this conclusion, 
and at the same tine assigns gold to l ast place in the paragenes-
is. No textural evidence suggesting early gold has been found. 
In other deposits in which the gold varies in fineness between 
wide lioits, evidence has been forthcoming in each case tG show 
overl apping of crystallization of gold with each of several 
sulphides, and hence a relatively long period of crystallization. 
In these cases early gold contains a high proportion of silver, 
and l ate gold t ends to be purer. In the case of the Blanket 
1 A 1 deposit there is, then, full justification for correlating 
the unifornity of gold composition with a uniform age. 
Arsenopyrite can be shown to have been an efficient precip-
itant of gold, whereas pyrrhotite was ineffective. In the 
following test, coarsely crushed ore was hand-sorted, depending 
on the proportion of sulphide present, into different categories, 
each of which was then crushed further anc grab-sampled. The 
t est indicated the following distribution 
Sorting Test on Blanket 'A' Ore 
,---
--
Weight Assays 
Nature of Fr action (lbs.) (dwt ./ton) 
.§ample 4. Sanple_~ 
-
Highly ~eralized 329 7.7 4 .0 
Moderately oineralized 985 1.9 1.8 
We~y mineralized 310 1 .0 0.9 
-· 
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There is no doubt, than, that tho gold content is proportio.lal 
t o the aQount of sulphide present. However, the indifferent 
character of pyrrhotite as a carrier of gold was repeatedly 
confirmed during underground sampling. In certain sections of 
the workings, whore sulphide Dineral~zation was as h08 vy as any 
found, but r estricted to pyrrhotit0, repeated sanpling r eve:a.J.ed 
no more than a pennyweight of gold. The gold values are 
associated with arsenopyrite . 
The nicroscope confirms the conclusion reach0d on a previous 
page that "the fineness of the bulk of recovered gold ve.ries 
between very restricted linits" . Polished, mounted James 
t able concentrates, which give an excellent mixed s~~Jle of 
gold from different working faces, show a scarcely perceptible 
variation in the colour of grains, w hich is a rich golden 
yellow. In these concentrates gold is abundant and there is 
aQple naterial on which to base this observation. 
Further information on the distribution of gold and silver 
in the ore is given by assays of core sanples from an explor-
atory drillhol e which passed froo very lean ore into a narrow 
shoot of noder atoly rich ore, and then back into l oan ore below. 
In Table 19 the borehole footages, the average gold assays of 
e3ch two-foot length of split core, and the total gold and silver 
assays of three-inch lengths of core, selected from each two-
foot section, are given. In Fig. 18, the data have been 
plotted graphically, and although these are scanty, it is 
clear that the apparent fineness increases r apidly as the total 
gold content of tho sanples increases. This is true even if 
allowance is made for the silver introduced into the sacrple 
with the litharge used in assaying. 
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It is at first surprising that the Blanket 1A' ore should 
show this t ype of variation, i n view of the earlier conclusion 
that the true fineness of the r ecover ee and visible gold is 
alnost constant. It is also significant thet the highest value 
f or appar ent fineness by t otal assay does not exceed 852; this . 
i s sor.1e (::fJ parts per thousand lower than the figure charact er -
i stic of r ecover ed gold, Polished sections prepared from the 
borehol e cores do not, however , r eveal gold of a low fineness, 
even although ver y tiny veinlets and grains are abundant and 
easily detected under high magnific8.tion. The col our and 
are -lltose 
nanner of occurrence of th0 visible gold}i identical to ~t 
in all other specimens pr eviously studied . Very significant, 
however, is the abundance of pyrrhotite in each of these core 
specimens. In sone, the anount pr esent a;;proaches t hat of 
arsenopyrite . In vi ew of the high purity of tho visible gold 
in the se specimens, which contrasts with the r el atively bw 
apparent fineness as deter mli1ed by assay, it seems l ogical to 
assume the existence of silver in these specimens~ over and 
above the r elatively snail aL1ount in the visible gol d occurring 
in the fractured arsenopyrite . 
The abundance of pyrrhotite in these core specimens suggests 
t he association of the excess sil ver with that 1~neral . 
Pr otracted examination of specimens pol ished to an excell ent 
surface , however, failed to reveal any such visible gold in 
pJrrhotite, so in order t o t est this conclusi on, assaying was 
r esort ed t o, Two speci mens of or e cont aining approximately 
80 per cent of pyrrhoti te, with only ninor amounts of other 
sulphides, were car efully triill!"Jcd t o r enovo as much foreign 
mat ter as possible, and assayed . The assays showed 1.6 dwt . 
and 2.1 dwt . gold per ton r espectively, tho apparent fineness 
values being 516 and 313. 0:1 the other hand, a very cl ean 
sample of arsenopyrite , which under the nicroscopc showed only 
minor pyrite and t r aces of pyrrhotite and chalcopyrite , but 
abundant gold, assayed 79. 6 dwt . gold per t on, and the deterr.uned 
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apparent fineness was 907. This latter figure is almost 
identical to that characterizing the average of gold recovered 
by amalgamation i.e. 908.8. 
The conclusion seems inescapable that the low apparent 
fineness of the borehole cores is due to an excess of silver 
in that gold which is associated with p,yt'rhoti te. The follow-
ing estimates, while being purely hypothetical, suggest how · 
gold could most reasonably be assumed to be distributed between 
pyrrhotite and arsenopyrite in the core samples. 
!aple_~Q. Probable Distribution of Gold and Silver 
--Distribution (dwt./ton) Apparent 
Sample No. Gold Occurrence Qolg Silver Fineness 
------r-----l------1 
3886 Whole sample 8.2 2.1 796 
Arsenopyrite 7.4 0.8 903 
Pyrrhotite 0.8 1.3 380 
3885 Whole sample 16.3 2.9 849 
Arsenopyrite 15.5 1.6 906 . 
Pyrrhotite 0.8 1.3 380 
3889 Whole sample 9.2 1.6 852 
Arsenopyrite 8.7 0.9 907 
Pyrrhotite 0.5 0.7 420 
---
In this example, the apparent fineness value for pyrrhotite used 
in the calculation is within the range indicated by the assays of 
pyrrhotite, and the proportion of gold contributed by it commen-
surate with a total pyrrhotite content in the sample of 10-30 per 
cent, 
The nature of the gold associated ,.J'ith pyrrhotite, if it 
does indeed exist as a silver-rich type, remains obscure . It 
may be that it exist s as exceedingly tiny particles not visible 
under the microscope. It is perhaps relevant, in this 
connection, that even in the face of experiments in treat ment 
procedure conducted by the Government Metallurgist, Bulawayo, 
not less than 10 per cent of the gold in the ore always r emains 
unrecover ed. This may indicate the existence of some very 
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finely dispersed gold in the sulphides, which cannot be recover-
ed. 
Fig. 19 presents in diagrammatic form the results of the 
investigations described on previous page.s.. Attention is 
directed to the variation from a very low apparent fineness .. 
in specimens of clean pyrrhotite, to high values in nearly 
pure arsenopyrite, with intermediate values where both arseno-
pyrite and pyrrhotite arc present. Gold recovered by amalgam-
ation and cyanidation is likewise of high fineness, and the 
diagram includes two samples of panned, thoroughly oxidized oro, 
for which the fineness values fall between the limits defined 
by the sulphide samples. This l ast observation suggests that 
there has probably been no refining of gold in the oxidized 
ore. 
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H. THE M!\KANGA MI~ 
The Makanga mine is characterized by the association of 
galena with gold of high purity. Production data point to 
a decrease in the fineness of native gold with the decrease 
in the average tenor of the ore. The possible existence of 
the gold telluride, calaverite, is noted. 
Introduction and General Geglggy 
The Makanga mine was a small, relatively high-grade mine, 
situated some fourteen miles to the south-east of Bulawayo. It 
is a lenticular quartz vein containing galena, with traces of 
pyrite and chalcopyrite, the gold being coarse and associated 
with galena. The country rock is composed of Basement sediments, 
and the quartz vein cuts across their strike and dips at an 
angle varying from 25 to 40 degrees. 
Fro&uction and Fineness Data iii:..:=:===== 
Production wa s started in 1954, and an average of close on 
an ounce of gold per ton of ore recovered in the initial 
months. Values proved, however, to be ephemeral and the gold 
content fel l off sharply within a few hundred f eet from surface. 
This fall-off, according to the owner, was accompanied by the 
appearance , in significant quantities, of sphalerite in depth. 
After only t wo years, the payabl0 r eef was exhaust ed and the 
underground workings abandoned. 
Table 21 shows production dat a for 1956, and the finene ss 
of gold recover ed by amalgamation. Fig. 20, i n which f i neness 
i s plotted against r ecover ed grade, shows that ther e is a s~ 
pathetic variation between these two f actors, even although 
the total v~riation in fineness is not great (888 to 927). 
Tablg, 21 
----
Date Tons 
Jan. 180 
Feb. 150 
Ha.r. 250 
Apr. 250 
May 250 
Jun. 230 
Jul. .350 
Aug. ,300 
Sep. ,300 
Oct. 250 
Nov. 200 
Dec. 230 
-----
940 -
Q 
...J 
• 
930 
920 
0 910 ~ 
LL 
0 900 
1./) 
lfl 
z 890 
w 
z 
LL 880 
0 
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Makanga Mine Production Data (1956) 
-------
Recovery 1000 Au 
Ounces dwt./ton (Au + Ag) 
-----------
18.3 20.3 927 
64 8.5 920 
41 3 • .3 908 
92 7.4 888 
44 ,3.5 905 
84 7.3 919 
65 .3.7 898 
44 2.9 912 
203 1,3.6 922 
59 4.7 901 
28 2.8 899 
46 4.0 909 
--------
10 20 30 
GOLD RECOVERED ( dwt. / ton) 
l.i...lh_20. Fineness of Amalgam Gold Pl otted against 
Value Recovered. Makanga Mine, 1956. 
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At the time of the writerts visit the underground workings 
were no l onger accessible, and ore specimens could not be 
collected in situ. The or~y material available was somewhat 
oxidized, i.d tl: both f:J"'&J.cnr. anc~ pyri to 3o:.~sul>r.t al t ored. 
Polished sections show abundant ~~~ and a little fine-
grained ~,Eit~, as well as coarse-grained ~ld of a rich, 
golaen-yellow colour' The galena carries tiny inclusions, 
reaching a maximum size of 50 microns, which are sometimes 
angular but generally oval in shape. Attempts to identify 
this mineral were not wholly successful. The hardness is 
close to t hat of galena, and the colour is a pale yellow. 
It is weakly, but perceptibly, anisotropic against galena, and 
the r eflectivity of several small grains is of the order of 
63-68 per cent. It reacts only with Fe013 and KOH. All of 
these properties correspond closely with ~veritQ (Au,Ag)Te2, 
excepting the r eaction with HN03, which Short (1940) states is 
positive, although it has been noted (Short, 1937, p.668) that 
under certain conditions calaverite does not react uniformly. 
It is also possible that electrolytic effects might prevent 
calaverite from reacting with nitric acid when it is wholly 
enclosed by galena, in the same way in which galena is prevent-
ed from r eacting with Fe013 when in contact with bornite (Short, 
1940, p.96). 
The occurrence of silver in the ore, in some form other 
than that alloyed with gold, is shown by assaying, A hand-
specimen rich in galena and deep-yellow gold assayed 675.5 dwt. 
gold per ton and 193.7 dwt. silver. The apparent fineness is 
thus 773, far lower than that indicated by the colour of the 
gold or the fineness of the amalgam bullion. 
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I. THE_ANTELOPE MINE 
The Antelope mine was the only mine of importance in the 
Antelope Gold Belt, an inlier of Ba 3ement schists, sediments 
and serpentinites in the Old Gr anite, some 60 mil es to the 
south of Bulawayo. The mine was operated by a company between 
1913 and 1919, after which it was taken over by smallworkers. 
An account of the mine and the ore i s given by Phaup (1932, 
pp. 66-108), who describes the deposit as a pyritic ore boqy 
intermediate between a true quartz r eef and a replacement body. 
The ore bodies are lenticular i n habit, varying from mer e 
streaks to widths of 15-16 feet. The gold values were found 
to have been erratic, and the sulphide cont ent l ikewise variable. 
According to Phaup, the chief minerals $rociat ed with the gold 
are magnetite (4 to 36 per cent), pyrite (2. 5 to 16 per cent) 
and pyrrhotite (2 to 41 per cent). 
The mine started producing in 1913, by which time develop-
ment had r eached the lOth l evel, and by the time that it was 
abandoned by the company, operations had r eached t he 14th l evel. 
Gold was r ecovered by amalgamation of crushed, r oasted or e , and 
cyanidation of the amalgam tails after further fine grinding. 
Production dat a for the per iod 1914-1919 are summari~ed in 
Table 22, and plott ed graphically in Fig. 21 . While the data 
are scanty, it is nevertheless appar ent that fineness and tenor 
are related. The mine r ecords subsequent to 1919 ar e of 
little use in the present study, as only amalga~tion was prac-
tised, and extraction was accor dingly very incompl ete . 
Another feature of the ore calls for special comv.ent. 
Phaup has discussed the unusual assemblage of minerals in the 
ore, describing how red garnet may be the dominant oineral iB 
parts of the r eef, how hornblende and actinolit e may make up 
a quarter of it in some pl2ces, whil e pyrrhotite nay exceed 
40 per cent in others. Phaup comment s that garnet 11 i s a 
mineral which belongs to the zone of greatest metamor phism 
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where physical conditions do not favour the formation of gol d 
reefs II As regards the gol d, 70 per cent or more of it .. ' . 
is intimately associated with the sulphides; t he pyrrhotite, it 
is stated, may contain more than half an ounce t o the ton. 
Very little gol~ is present in the quartz. These facts speak 
f or the precipitation of gol d in a deposi t forned at particular-
ly high temperatures , and the close association of the gol d with 
the sulphides . It i s significant that the gol d fineness is 
decidedly low for a deposit of hypothernal character, and the 
conclusion must inevitably be drawn that gold deposited at high 
t emperature is not necessarily poor in alloyed silver . 
At the time of the writer 1s visit in 1957 the shaft had 
long since been closed and all underground workings were inaccess-
i ble. The few sanples of or e which could be gleaned from the 
waste dump proved, on polishing, to contain only an insignificant 
amount of very finely divided gold in fractured pyrite, and no 
useful conclusions could be drawn iron the microscopic study. 
Antelope Mine Production Data 
r--·-- .--·------- -------- -Recovery Amalgam Gold 
Year Ounces dwt .. /ton 1000 Au/(Au + Ag) 
1914 22,591 11.0 848 
1915 24,.393 10.2 ~.5 
1916 21, 794 9.4 848 
1917 22,094 ll.l 849 
1918 18,405 9.2 841 
1919 12,481. 8.0 809 
----· 
--- ---
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The gold deposits of the Wanderer mine , near Selukwe, occur, 
accor ding to Zealley (1919, pp. 82-85) in strongl y shattered 
zones traversing banded ironst one , conglomerate and greenstone, 
and contain quartz and pyrite. The average grade of the ore 
treated was l ow. For exampl e , in 1911 the· treatment of 
220,000 tons of ore yielded an average of 1.98 dwt./ton, with 
the r esidues assaying 0.61 dwt./ton. The f ollowing note appears 
in Zeall ey1s description: 
11 It i s st ated that the fineness of tho gold vari es generally 
from 890 t o 915, and that the higher the gr ade of or e the 
better the fineness , i . e . there is mor e sil ver in the low-
grade ore ." 
To what extent this relationship has been caused by second-
ary r edistributi on of the gol d cannot be assessed, for Lightfoot 
(1934, p .lOO) states that the ore was "entirely oxidized and 
consisted of secondar y gol d deposited in a belt of shattered 
rock. 11 
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(CHAPTER N c ontd. ) 
OTHER RELEVANT INVESTIGATIONS 
Brief mention should be nade of other investigations which 
have indicated that r elationships between gold fineness, tenor 
of metallization and age of the gold, similar to those described 
on foregoing pages, exist in other deposits. Precise data 
pertaining to this topic are not easily gathered, for, unle ss 
the statistical studies are supported by nuneragraphic work, the 
information is incomplete. 
Bruce (194.3) described the variations in the Au/Ag r atios 
in Dines of the Porcupine anc Kirkland Lake areas and gave de-
tails regarding the average contents of gold and silver i n the 
ores between the years 1917 and 1940. His investigation was 
chiefly concerned with possible changes in gold-silver ratios 
with depth, and it appears as if the well defined r elationship 
t hat exists between fineness and tenor in two of the deposits 
was overlooked . Certainly, he does not r efer to it. The 
present ~ritor has re-plotted, in Fig. 22, the data which Bruce 
published, so that this l atter relationship becomes more 
apparent. It is seen that in the case of the Hollinger, Dome, 
Mcintyre, Wright-Hargreaves and Kirkland Lake Bines the gold-
silver ratios do not vary gr eatly from year to year. There is 
also very little variation in~he aver age value of the treated 
ore and any relationship between fineness and tenor is obscure 
in these deposits . In the Lake Shore and Teck-Hughes nines, 
however, variations in both average tenor and gold-silver r atios 
are pronounced and there is clearly a relationship between these 
two values . Low-grade ore is characterized by relatively silver-
rich gold, \.rhile rich ore contains propor tionately less silver. 
The very detailed metallurgical studies by tho staff of the Lake 
Shore nune (Bloomfield and othe~, 1936) established that both 
fineness and the manner or. occurrence of gold particles are 
variable. A small proport ion of thG gold occurs as minute 
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particles in pyrite and it was concluded that this gold was con-
te~oraneous with pyrite, while most of the gold is younger, 
occurring as 1free 1 particles or associated with tellurides. 
Microscopic exa.r.1ination e stablished that the foruer is richer 
in silver than the latter. This relationship between fineness, 
tenor and the relative ages of the gold grains is sinilar to 
that which has been observed and described in several Southern 
Rhodesian deposits, on foregoing pages. 
Wilson (1944) investigated the distribution of elements 
in ores from Goldfield, Nevada, with the aid of a spectrograph. 
He found that gold, silver, bismuth and tin are closely associat-
ed as r egards their distribution. It is interesting to note 
that where intensity ratios of silver (which ~re directly propor-
tional t o the amounts of silver present) are plotted against the 
gold content, determined by fire as~ay, a smooth curve is pro-
duced. Tho shape of the curve indicates that a steady increase 
in gold content is not accompanied by a uniforn increase in the 
araount of silver : the richer gold sanples contain a little l ess 
silver in proportion than the poorer samples . The study unfor-
tuna tely does not include mineragraphic data . 
The detailed investigation of the Getchell mine, Nevada, by 
Joralernon (1951) showed that the fineness of r ecovered bullion 
ranges from 666 to 993, but averages 910, Visible gold varies 
in size from fractions of a micron to nearly one millimetre, 
and although a sr~ proportion occurs in the sulphides, most 
of it is intimately associated with magnetite and carbon in a 
carbonaceous gumbo. The r el ati onship bet\-reen gold and silver 
is of par ticular interest, for although silver, which could 
have alloyed with gold, was available while deposition was 
taking place, electrurJ i s r are and silver occurs as the native 
metal. Joralemon suggests that, at the low t enper aturcs at 
which the deposit was formed , tho tendcnc·y for the fornation of 
electrum decreases, He notes (p.295) that "in general the 
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amount of silver in the ore varies inversely with the amount of 
gold. Extrenely rich portions of the ore body contain less 
s:i,lver than the portions of average grade. There is no zonal 
relation other than this between gold and silver ." He notes 
further (pp. 297-298) that there are two nodes of occurrence of 
visible gold. In the first, gold was deposited early in the 
period of foraqtion of r ealgar . Silver and the rare electrum 
were probably more or l ess contemporaneous with this earlier, 
low-erade phase of gold mineralization. In the second, later 
type, extreli1ely rich lenses of gold v1ere forned, and gold and 
magnetite are intimately associated. 
Edwards' (1958) examination of the Maude and Yellow Girl 
gold mine, Victoria, led to important conclusions regarding the 
fineness of the gold. These have been quoted in Chapter II. 
He considered that the fineness was her0 controlled by the 
tenperature of deposition, the availability of silver and the 
concentration of other elements with which the silver could com-
bine. The ore shows considerable variation in gold-silver 
r atios, commonly fran 10/1 to 1/100, but individual assays 
indicate the presence of pockets of alnost pure gold. These 
pockets do not necessarily contain an appr eciable ar:10unt of 
gold~ although it is of except ional purity, 
Other less conplete investigations into the variations in 
gold fineness are discussed mn subsequent pages. These are 
generally concerned raore with the mineral associates of gold 
than with its purity in relation to tenor of netallization. 
-1.3.3-
CHAPI'ER V 
~-=--= 
~!:Q FINENESS I N RELATION TO THE A3SOCL~TED_ ORE MINERALS 
In tho previous chapter a correlation was cstablished,in 
several deposits, bet-vreon the fineness of gold and the age of 
the ore ninorals with which the gold is nest intinatoly assoc-
iated. It was shown that, in general, gol d which was consider-
ed to have been precipitated at an early stage in tho formatioo 
of the deposit, tends to have more silver than that which is 
precipitated in the final stages. The f ollowing very brief 
survey deals with each of the co!Jf.lonly occurring ore minerals 
in turn, anc. is an attempt to determine to what extent each is 
associated with gold of a particular quality. The data have 
been drawn fron the writer's own work, and relevant literature. 
It is to be r egretted that this survey is not nor e conprohensivo, 
but the lack of precise data r egarding either the fineness of 
golC, or its nanner of occurrence in the ore, has cade it diffi-
cult to produce nore evidence than is given here. 
Judging fron available evidence, the fineness of gold which 
occurs in i ntimate association with arsenopyrite may vary fro@ 
low to high, although it is in the majority of cases high. The 
most likely explanation for this feature a?pears to be the varia-
bility in tho age of the associated gold, and, if the conclusion:J 
reached in the previous chapter are valid, the greater the 
amount of 1early 1 gold deposited with the arsenopyrite, the 
lower is the average fineness likely to be. 
However, the recognition of a possible r elationship between 
the fineness of gold and its occurrence with arsenopyrite is 
complicated by t he difficulty experienced in establishing the 
relative ages of tho two minerals fron tho textures. No such 
uncertainty prevails where gold occurs moulded on arsenopyrite 
or occupies fractures in it; here gold is clearly tho younger. 
-lJ~ 
But when gold occurs as minute blebs, perhaps only a few 1ucrons 
across, within the arsenopyri te , and its position in the host 
appears not t o be influenced by fractures or by inter-grain 
boundaries r endered visible between crossed nicols, doubt wust 
al ways exist whether.tbe gold is contenporaneous with tho arsen-
opyrite, or has entered into the sulphide crystals at a later 
stage by the r.1echanisn of replacenent. Warren and Cumr.ll.ngs 
(1937) have, for exar.~le, accepted that this habit indicates 
contenporaneity. With reference to certain ores of British 
Colur1bia, they state: 
"the golC', .... ' has been deposted contemporaneously with the 
associated metallic minerals, of which arsenopyrite, pyrite 
or pyrrhotite are the most important. The precious-metal 
grains are scattered without any apparent r el ationship to 
crystal bouncaries, contacts or fractures of tha metallic 
nineral or r.ri.norals with which they are associatodu and 
11 th,;; gold is present a s native gold, usual ly in minute grains 
r arely approaching one-tenth of a millimetre and most conmonly 
loss than five microns i n their naxinum dinension11 • 
Warren and Cur~ungs found that gold of this t ype was more 
characteristic of contact r.1etanorphic and hypothermal deposits, 
whereas gold of the other type, occurring in frac t ures in the 
sulphides, is more characteristi c of mesothcrQal and epithermal 
ores. It could be argued, however, th&t their evidence 
suggests that ingress, by relatively younger gold, t o the host 
sulphides, is more easily gained through the ~chanisn of 
diffusion at the high t erJperatures of formtion of the former 
class of deposits than at the lower teruperatures of the 
latter. The diffusion of gold through sulphides is, for 
exa~ple, known t o be appreciable within even a few hours at 
600°C (see Colenan, 1957, pp . 417-418). Odnan (1939, p.98) 
de scribes the occurrence of tiny particles of gold of 
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irregular shape which occur in abundance in arsenopyrite, in ore 
from the Holr~jarn nine, N. Sweden, but he considered that the 
gold was conteDporaneous with chalcopyrite, tetrahedrite and 
boulangeri te and was introduced by 11 so!ile process of replaceflent 
or raolecular r.ri.gration11 (p.l04). 
Stillwell and Edwards (1946) have established the presence 
of sub-nicroscopic gold in the Dolphin East Lode, Fiji, and they 
suggest that it ~y have been deposited at a very early stage of 
r.lineralization. Although the ore is not rich in silver as a 
whole, a nruJber of exceedingly tiny grains of gold, a few microns 
in diameter, were found in the arsenopyrite . These are creany 
in colour, and nuch paler than the occasional particles observed 
in the gangue . It may well be that gold of this pale colour is 
conte~oraneous with arsenopyri te. 
Tho writer i s reluctant to suggest a connunity of age for 
the gold blebs and the arsenopyrite crystals in which they occur, 
in those Southern Rhodesian deposits which have been examined, on 
the grounds that in rich specimens, where abundant gold occurs 
noulded on arsenopyrite or replacing its margins, closer exa4lina-
tion will nearly always establish the existence, close by, of 
sene t iny blebs in the arsenopyrite, and these are not related 
to fractures. Unless there are s~ficant differences in the 
colour and grain sizes Df the different grains, the acceptance of 
different ages for the two types of gold secns unjustified. 
Sone of the ore from the Jessie mine, Gwanda district, 
contains arsenopyrite in abundance , as acicular crystals and 
less well foroed skeletal cryst als, forning lenticular streaks 
in the ore. Gold is abundant in these specimens, as snall 
grains whose rich golden colour testifies to their high fine-
ness . This gold is clearly Duch younger than the arseno-
pyrite, as it occurs in places together with galena along 
fractures in arsenopyrite host crystals, but sone is found also 
in the interiors of cryst al s, where it r eplaces shreds of 
country r ock (see Plate XII, Fig . 2 ). Although gold and 
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arsenopyrite arc closely associated here, and gold occurs as 
1inclusions 1 in arsenopyrite, the gold must be considered to 
be nuch younger. 
All but a snail proportion of gold in the Blanket 1A' nine, 
Gwanda district, is associated with the arsenopyrite. The 
relationship between the two Lti.nerals is the same as in Jessie 
mine ore, except that in the Blanket ore a greater proportion 
of tl.e netal gilds the crystal faces of the sulphide. The gold 
here is over 900 fine, and is quite definitely later than 
arsenopyrite (see Plate XXII). Arsenopyrite fror:1 the Ma.gano 
mine, which belongs to the same general zone of mineralization 
as the Blanket 'A' deposit, contains more gold and proportion-
ately less silver than the pyrrhotite in the ore. The appar-
ent fineness of the forner was determined to vary in different 
specimens frora 800 to 834, ~nd gold associated with pyrite 
shows the sane order of fineness (790 to 848). A sanple of 
pure pyrrhotite, however, gave an apparent fineness value of 
only 744. In this case the purer gol d does appear t o be 
associated with the arsenopyrite and pyrite. 
Ore from the Posho r.rinc, in the Tuli group, contains 
abundant arsenopyrite , pyrrhotite and chalcopyrite, but the 
first-nentioned mineral greatly exceeds the others in propor-
tion. Apparent fineness values range from 810 to 884 in 
three specinens assayed . Production data indicate that its 
average fineness is about 775. Polished specimens reveal 
that the gold occurs as very minute grains, threads and scales 
in and arornd the arsenopyrite cry.3tals. The gold is clearly 
younger, and judginb from the way in which gold, chalcopyrite 
and pyrrhotite arc intorgrown, they are of approximately the 
sane age . 
These few exanples have been quot ed to illustrat e that, 
although tho gold n~y superficially appear to be nost closely 
bound up with arsenopyrite , the snall traces of other niner als 
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which acconpany it as fracture-fillings or as r eplacenents of 
other inclusi ons within the older sulphide , show that its age 
is variable. 
Several published references to tho fineness of gold 
associated with arsenopyrite emphasize the variability of that 
value. Horwood (1937) mentions the occurrence of gold showing 
a distinct preference f or arsenopyrite in ores containing 
arsenopyrite, pyrrhotite, chalcopyrite, sphalerite and galena, 
in the Argosy mine, 0 rtario. Gold was the last of the minerals 
t o forn, and is generally associated with arsenopyrite or gal-
ena. He notes that it occurs "close to or along crystal 
boundari es and within crystals." The gold is 920 fine. 
Jm1nor (1920, p.220) stated that in the Walhalla-Wood's Point 
auriferous belt, gold associated with arsenopyrite i s "usually 
of good quality', and he gives a value of 960-970. H.G. 
Ferguson (1921+, p.l06) attributed the high purity of gold 
associ ated with arsenopyrite, realgar and orpiDent to the 
selective preciPitation of gold, rather than silver, by arsen-
ical Dinerals . He considered that the gold might have been 
deposited contemporaneously with the arsenical minerals. J.C. 
Ferguson (1934, pp.77 .. 78) gave tho fineness values for a nw-.1ber 
of mines in the Filabusi district of Southern Rhodesi a . 
These figures illustrate that gold occurring in veins bearing 
arsenopyrite varies widely in fineness, from l ess than 800 t o 
over 960 fine . Arsenopyrite f.ron the Mother Lode (Knopf, 1929, 
p.J7) has associated with it gold (839 fine) which is purer 
than that occurring with pyrite, but l ess so than that assoc-
iated with galena or t ellurides . 
It is clear that ar senopyrite is not characterized by the 
association with it of gold of any particular degree of fine-
ness, and that this probably arises in turn out of the variable 
age of that gold. 
-138-
Although pyrite is in a vast nunber of ores an inportant 
host or, associate of gold, its presence is by no neans an 
essential r equisite in gold orcs, anG, in nany, gol d shows no 
preference whatever for pyrite (Schwartz, 1944, pp. 385-387). 
The recognition of a relationship between tho fineness of gold 
and its intimate association with 'pyrite f aces the sane diffi-
culties, as regards the r elative ages of the two rnner als, 
encountered in the case of arsenopyrite. The renarks nade 
under the discussion of that nineral are equall y applicable to 
pyrite, and the fineness of th~ associated gold shows variation 
equall y as great. 
The r eferences to gold filling fractures in pyrite are so 
nuoerous that specific nention of examples would be redundant . 
It should be aDpreciated, however, that there are inportant 
r eferences which state that gold and pyrite nay be conteraporan-
eous . Graton and McKinstry (1933, pp.l2-14) state that, in 
the Hollinger nine, a large proportion of the gol d in the ore 
is in intinate associ::tion with pyrite, and that 11 sone of the 
gold a·1pears t o have been deposited conteoporaneously wi tb. the 
pyrite and sane after it." Bruce (1943) showed that the fine-
ness of the gold bullion fran this nine ranges fran about 800 
to 870. I t occurs both as fracture-fillings and as r ounded 
and irregular blebs within pyrite grains. However, spectra-
grap hie analyses of pyrite fran a nunber of Canadian gold 
deposits, including the Hollinger nine, l ed Auger (1941, p .412) 
to the conclusion that " gol d was not pr ecipitated at the sarue 
tine as the pyrite". He sugcested that gold was introcuced 
by later r epl acenent or along fractures, and that it could 
form either isol~ted units or narrow veinlets in the pyrite. 
The work of Head (1934) points t o the deposition of very fine-
crained gold as flakes and wire-li ke threads on the crystallo-
graphic planes of growing pyrite crystal s in so11e low- grade, 
refractory deposits. 
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Very pale gold with a high silver content is known to occur 
in pyrite , in the forD of ver y ninute inclusions.. At the Lake 
Shore nine (Bloonfield and others, 1936, pp. 291-295 ) the exist-
ence of two distinct foros of native gold was established by 
microscopic exarnnation . One forn occurs as ninute grains, 
raost of which are l ess than 5 f.'.ici·ons across, in pyrite crystals 
which do not contain inclusions of other ni nerals . These in-
clusions are gener ally of irreeular shape and uniformly distri-
buted throughout the pyritic ore, and wore consider ed t o have 
crystallized at the same tine as the pyrite~ This gold is 
paler, and shows a different rate of r eaction with KCN, in 
comparison with the other principal variety which occurs as 
coarse gr ains of 'free gol d t and as inclusions in the telluride, 
altai te. Another occurrence of pale &:old occurring as tiny 
inclusions in pyrite was described by Stillwell and Edwards 
(1946, ~.42) i n the case of the Dolphin East Lode, Fiji. 
In or e frou the Lone Hand mine, Gwanda district, the pr esent 
writer has observed very pale-coloured gol d deep in fractured 
pyrite , in the massive sulphice ore which l ines the walls of 
the main ore body. This nassive ora consists of arsenopyrite, 
pyrite and pyrrhotite, with only traces of chalcopyrite , and 
contains no sphalerite, tetrahedrite or aurostibite (?) which 
characterize the richer or e , in which the assenblage of 
r:rinerals indica·~es lower te1:1peratures. It was concluded that 
the gold in the r.~ssive sulphide ore had been precipitated 
earlier than thQt which is bright yellow in colour and which 
occurs comnonly in associ~tion with the lower- temperature 
ninerals ~ 
The exaoples quoted above have two features in cannon. 
In each, the fine-grained gold is pale yellow in colour, 
presumably due to a high content of silver , and there are 
grounds for supposing that the gold precipitated at a r el a-
t ively early stage in the sequence of nineralization . 
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There is a wealth of data t o show that the fineness of that 
gold, which may be regarded as younger than t he pyrite with 
which it is associated, varies wiC..ely. A f ew examples will 
suffice . Knopf (1929, p.37) indicat ed that, in the ~~ther Lode, 
golQ occurring with pyrite is of lower fineness than t hat occur-
ring with any of the other ninerils . Fer guson (1934, pp. 87-88) 
gave data showing that gold occurring in pyritic deposits in the 
Filabusi area varies from just over 500 fine to nearly pure. 
Gol d frcn the Turk mine , Queen ' s Road area (see Chapter IV), is 
close t o 860 f ine , and the way in which it acccnpani es chalco-
pyrite in t he replncenent of pyrite sugeests that it may be of 
the sane age as chalcopyrite . In the Sabi and Canada nines, 
near Shabani , gol d occurs as 1nustard gold 1 , i.e .,as nyriads of 
exceedingly tiny grains in cherty quartz, and the only associa-
t ed sulphide appears to be pyrite . . Judging from pr oduction data, 
i ts fineness in t he farner deposit varies f.ron 845 to 865, 
while in the l atter i t is 895 t o 920 fine . In the Abercorn 
nine , near Gwanda, the fineness of the recovered go~d was close 
t o 905, and the gold is seen, in pol ished section, t o have 
vigorously replaced pyrite, and to have been acconpanied by 
galena. The nanner of occurrence i s sir:dlar in the Big Ben 
ni ne, a short distance ~way, but here th~ fineness is 929. In 
tho Freda nine, Tuli ar ea, gol d has ati tacked pyri t o, and was 
ace onpanicd by tetraiyni te. ThG finoness is 940 . Specinens 
of Lonely rJine ore (see Chapter IV ) contain fine- grained gol d 
replacing pyrite , while sane gold occurs as isolated blebs in 
pyrite . The fineness in t his ore r anges up to close on 960 . 
The position with regar d to pyrite v.ay be sUEned up as 
foll ows . As in the case of arsenopyrit e, there are occurr-
ences on record of silver-rich gold which appears t o be either 
i ncluded in pyrite or closel y associated with it in such a 
na.nner that its separation at a r elatively earl y st age seeras 
not unlikely. Where a hiatus int ervened between the precipit-
at ion of pyrite ane. col d, the fineness of tho gol d shows such 
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variability in different deposits that it is inpossible to discern 
any consistent correlation between fineness and its asro ciatioh 
w.i. th pyrite. 
~:g_r.E_hot~t.El. 
Pyrrhotite has not been found tc be a favoured host for 
gold in nore than a few deposits in Southern Rhodesia, but it 
is seldora wholly devoid of gold. 
The best exanple of auriferous pyrrhotite which the writer 
ha s encountered occurs at the Empress mine, Mashaba. This is 
an impregnation of pyrrhotite in banded ironstone, in which the 
ore body attains exceptional size, Vdcroscopic study estab-
lishes the intinate associntion of gold with pyrrhotite, 
although it is difficult to establish the exact age r el ation-
ships between the two minerals. In this deposit gold occurs 
in abundance in specimens of almost pure pyrrhotite which nay 
weigh several pounds, Polished specimens show that the gold 
occurs either along, or close to, the contacts between the 
individual crystals of pyrrhotite forning a uosaic, and that 
the gold grains are very conmonly bounded by plane faces (see 
Plate XXIII). The t1armer of occurrence suggests that the 
gold grains are older than part of the pyrrhotite, and are 
genuine inclusions. Crystal faces are also shown where the 
gold occurs enclosed in the rare chalcopyrite which forms 
snall patches and vei nl ets between pyrrhotite crystals. It 
i s of particular signif icance that this hypother nal deposit, 
in which the gol\~ seems to be of early cryst allization, con-
t ains gold which i s of l ow fi neness . Under the r.ucroscope 
it is distinctly paler than gc l d which i s 900 fine . The 
annual outputs between tho year s 1947 and 1959, duri ng which 
per i od r ecover y was by amalgumat ion al one , show tho fineness 
t o vary fr ora 796 to 885. 
Ferguson (1934, p.88) found t hat gold i n pyrrhotite-
bearing ore bodies of tho Filabusi area was gener ally of good 
\ ' •
Plate XXIII 
• 
Crystal of gold partially bounded by crystal faces, 
deeply set in pyrrhotite, Empress mine . x 360. 
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quality, but no data are given r egarding the age r el ationships 
between the two niner al s . 
In Chopter IV attention was directed t o the low f ineness 
of the gold which wa s r ecovered from the Antel ope Dine . · This 
deposit, which seems to contain only high-tenpera ture ninerals, 
was char acterized by the close assocint i on of gold with the 
sulphides, in pnrticul~ pyrrhotite . Pyrrhotite wa s her e f ound 
t o contain nor e t han half an ounce of gold t o the t on of or e . 
Sampl es of pyrrhotite from a number of other l ocalities, 
in which pyrrhotite occurs in conpany with several other sul-
phides, wer e exar.dned, but in very f ew was any gol d visible. in 
t his r.lineral, on polished surfaces. Assays gener al ly confirn 
that l ess gol d i s a ssociated with i t than with any of ihe ot her 
cor:u::10n or e niner als . It al so emerges t hat the apparent fine-
ness is generally lower than that of gold associated with other 
or e r.iner al s . I n Blanket 'AL ~ne or e , the fineness of re-
cover ed gol d i s 909, but sanples of pyrrhot i t e , carrying only 
a f ew pennywei ghts of gold t o the t on, gave apparent f i nene ss 
val11os bel ow 520. Arsenopyri to and pyrite f r an the M:l.gano 
mine , whi ch bel ongs t o the same eeneral zone of mineralization 
as the Blanket 1A1 mine, cont ain mor e gol d and proportionat el y 
l ess sil ver t han the pyrrhotite i n t he or o. Appar ent fine-
ness values in the for mer miner al s wer e found t o vary from 790 
t o 848, wher eas a sanple of pure pyrrhotite gave an appar ent 
f i neness value of only 744 .. The Freda nine , Tuli area, yiel ds 
gol d which i s 936-940 f i ne according t o the pr oduction dat a, 
but an assay of pyrr hotite-rich or e , although showing nearl y an 
ounce of gol d t o the ton, gave an apparent fineness value of 
only 802. Specimens of Valley mine ore , Gwanda , i ndicat ed 
that pyrr hot i t e carri es l ess gol d and consider ably nor e silver 
i n pr oportion than the ot her sulphides. Sel ected sanpl es of 
ore f rom the Posho Bine , Tuli group, showed that wh0r e pyrrho-
tite nakes up about 80 per cent of t he or e , the apparent fine-
ness of t he gol d is about 800. A sampl e containing cl ose upon 
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60 por cent of pyrrhotite and 25 per cent of chalcopyrite gave 
a value of 810, and a sanple consisting of 60 per cent of 
arsenopyrite and only JO per cent of pyrrhotite gave an apparent 
fineness vnlue of 884. Production data relating to the Cheque 
nine, which lies not far from. tne Blanket 1A1 nine, show that 
tho finene·ss of the recovered gold rises as high as 969, but 
nay f::tll fully 100 points below this. The nicroscopic exanin-
ation of oro specirmns showed that sone gold is always in 
intimate association with pyrrhotite. One such specinen, in 
which gold occurs wholly enclosed in pyrrhotite , or forns se g-
lJented veinlets with it, gave, on assay, an apv~rent fineness 
value of 895, close to the lower linit indicGted by the pro-
duction data. Ore fron the Lady Lina nine, also in the Gwanda 
district, yielded gold 850-913 fine. This v~uc is quite 
noticeably lower than that of the other Dines in the itJLlodiate 
vicinity. Polished specinens of the ore show a close associa~ 
tion of gold, pyrrhotite and chalcopyrite, but the associ?.t i on 
is nost narked between the first two. 
These data all suggest that where gold has a close associa~ 
tion with pyrrhotite, or is earlier than it, the fineness is 
somewhat low. When s~1ples of pyrrhotite are tested by assay-
ing, it is conuonly found that the ratio Au/Ag is lower than 
that in any other mineral. Whether this is due to the presence 
of gold particles of particularly low fineness in the pyrrhotite, 
or to excess silver in so1ne other f or n cannot easily be deter-
mined, f or the sanpl es arc nost cor.monly of l ow grade and do. not 
show gold under the nicroscope . While the s.ilver content of 
low-grade speci mens night be sligrntly over-est inat ed due t c the 
silver contai ned i n assay litharge , low fineness i n pyrrhot i t e 
cannot be wholly at t r i buted t o this cause . The occurrence of 
sone sampl es of pyrrhotite, which are r el at i vely rich i n gold, 
and which still give r el at i vely l ow appar ent f ineness values, 
sugge st s .that the gold particl es thenselves car ry nuch silver, 
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and that the l ow apparent fineness values are not nerely due to 
an original sraall content of silver in pyrrhotite which only 
acquires si gnificance when the gol d content is par ticularly l ow. 
Furthernore , the recover y, by ar~ganation, of silver-rich gold 
fron ore s i n which gol d occur s as i nclusi ons in pyrrhotite l ends 
support t o the ·'prim facie' conclusion that pyrrhotite i s ver y 
connonly an associate of sil ver-rich gold particles . 
gg~copyritg 
The a ssociation with chalcopyrite of gold containing a not-
ably high pr opor tion of sil ver seens to be fai rly gener al, and 
sever al exa.rapl es illustrat e that wher e gold is of the sane ac:e 
a s chalcopyrite , it has a higher silver content than l at er gold 
in the same or e . 
In the Olyrupus nine, near Mtoko (see Chapter IV) ther e i s 
excellent evidence that sane proportion of the gold is older 
than the chalcopyrite which encloses i t, f or the far ner incl u-
si ons ar e bounded by crystal f aces, and nany grains are of 
octahedral habit . A close study of the di st r i bution of gol d 
grai ns in t he or e denonstrated that 44 per cent of t hen are 
ei t her enclosed by chal copyrite or very i ntioat el y a ssociat ed 
with i t. Most of t his gol d i s pal e in col our, i n contre,st 
wit h the deep golden col our of that whi ch is l at er, such as 
that a s sociated with t ellurides . The aver age f i neness of 
the r ecover ed gol d was low, by Rhodesi an standar ds, and varied 
between the l i m ts of 780 and 880. Ore from the Lonel y ruine 
cont ained chalcopyrite in signi f i cant ar.1ounts only in t he 
deeper l evel s oore t han 2,000· feet f r an surface . Gcild occurs 
in the chalcopyrite as i nclusi ons of irregular shape, and i s 
di st inctly paler in col our than t hat whi ch occurs replaci ng 
pyri te in the upper level s.. This f eature i s consi st ent with 
the drop in the aver age fineness of t he gol d from over 950 
f i ne i n the upper l evel s to bel ow 900 i n t he deeper levels~ 
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In the case of the Turk r.line, it has been demonstrated that 
there is cause t o suppose that gel d and chalcopyrite ar e of the 
sane age . The fineness in this deposit tends to be sonewhat 
low, ranging iron 850 to 880 at the l evels at present being 
developed. The average fineness of gold in the Bal noral nine, 
near Filabusi, was stated by Ferguson (1934, p.87) to be 923, 
but nore recent outputs of gold r ecovered by amalganation show 
that it varies iron 855 t o 913. The exanination of or e 
speci nens collected underground sho1ved that gol d grains occurr-
ing in the quartz gangue are quite definitely purer than t hose 
which occur wholly or partly encl osed by chalcopyrite. Sooe 
of the gold in this latter categor y has almost a silvery tinge, 
and was esti nat od to be about 750-800 fine. The Valley nine , 
near Gwanda, produced gold r elatively r ich in silver. As 
shown in Table 1, 20 separate out put s by amalg~.tion indicated 
a r ange in fineness fron 685 to 797. At one tir.~ copper was 
also produced. The r.line has been closed for tr~y years, and 
the writer was unabl e to coll ect sru:;ples fron the reef under-
gr ound. A nunber of specinens fron the wast e dunp were polish-
ed, but the nunber of gold grains seen in these particular 
sanpl es proved to be so snall that no useful concl usions could 
be drawn frora the study. However, the chief sulphides were 
found to be pyrite , pyrrhotite an~ chalcopyrite, and sar.1ples 
wLich were assayed i ndicated that t he gold is chiefly associ at-
ed with pyrite and chalcopyrite, whereas pyrrhotite contains 
only negligible arrrounts of gold. The association of silver-
r ich gol d and chalcopyrite seens reasonably cert ain. 
With reference t o deposits in the Filabusi area, Ferguson 
(1934, p . 88) noted that those which are heavily r.lineralized 
by chalcopyrite have given the poor er quality gold . In his 
description of the gold and copper ores of south-western 
Oregon, Lowell (1942, p. 571 ) noted that sone gold of the Ash-
land r:ti.ne "var ies fron a pale yellow to a deep yellow col our and 
is probably silver-bearing". Chalcopyrite was stated to be one 
of the minerals with which gold is intimately intergrown, and 
(p.58l) the two minerals crystallized together during part of 
the nineraliza.tion. Peterson (1942, p.487) recorded the 
presence of pale-coloured gold associated with chalcopyrite 
as inclusions in arsenopyrite, in the Vipont nine, Utah. He 
indicated that gold and chalcopyrite are of the sane age. 
Chalcopyrite and gold are said to be closely related in time 
in the Kennedy mine in the Mother Lode system (Hulin, 19301 
pp. 353-354), and to have been deposited together during the 
last stages of mineralization, with gold outlasting the chalco-
pyrite. The fineness of gold in the Kennedy nine is lmown 
to vary from 789 to 837 (Knopf, 1929, pp. 65-66), and so the 
correlation of low gold fineness and the contenporaneity of 
gold with chalcopyrite seems justified. In the Howey mine1 
Ontario (Mather, 1937, p.l48), gold is said to have been 
deposited together with chalcopyrite, and the chalcopyrite to 
have continued to crystallize long after the gold in the ore. 
It was specifically stated, in this description1 that the 
colour of the gold varies from golden to pale yellow. 
In his account of the deposits of the Pilgrims Rest 
district, Transvaal, Swiegers (1949, p.99) noted that 
"chalcopyrite is by far the nost ioportant copper rnineraln in 
the or es. No argentiferous sulphides were found, and he 
considered (p.l24) that silver is present only in the form of 
an alloy with gold. Concentrates from the different mines 
indicate a variation in A~Ag r atio from 15.9:1 to 1.1:1 
(940 to 530 fine), and it i s significant that the lowest 
Au/Ag ratio is, according t o analyses, encounter ed in con-
centrates which are richest in copper. These latter concen-
trates average 26.6 per apht copper. 
To SUJ::JL1a.rize, it may be said that, in a number of accounts 
where the data are sufficiently precise to show that gold and 
chalcopyrite are in part contemporaneous, t here are references 
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to the high content of silver in the gold, The study of 
exanples in this country lends strong support to the contention 
that the associ ation of silver-rich gold and chalcopyrite is 
typical of hypothermal deposits, 
.§jihaleri te 
In many ores chaloopyri te and sphalerite have overlapping 
periods of deposition, and it is therefore not r emarkable that 
gold which is contenpor aneous with sphalerite is very similar 
in conposition to that which is found with chalcopyrite. The 
best exru.""'ple which the writer has encountered was found in ore 
fron the Jessie mine, near West Nicholson, in the Gwanda dis-
trict. The gold in this deposit varies widely with r espoot 
to its content of silver, but those grains,which were consider-
ed to be genuine inclusions in sphalerite , are conspicuously 
more silvery in colour and larger i n size than those which tho 
textures prove to be younger than sphalerite. The col our of 
these former grains is creamy yellow, and fineness determina-
tions carried out on hand-picked grains showed that a high 
silver content was characteri stic, 
Junner (1920 ) found that gold of low fineness character-
a 
ized those deposits of the Walhal~-Wood's Point auriferous 
belt in which sphalerite predominated. Mather (1937 ) stated 
that gold in the Howey mine varies from golden to pale yellow. 
His table of paragenesis shows partial contemporaneity between 
sphalerite and gold. The aver age fineness of amalgam gold 
from Gilpin County, Colorado, is 790-800 (Bastin and Hill, 
1917, p.l20 ), It is st ated by Bastin (p.llO) that in the 
galena-sphalerite ores galena,. sphalerite, chalcopyrite and 
gold crystalli zed contemporaneously. 
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Galena is of particular interest in this discussion, for 
it appears to mark a stage in the paragenetic sequence of hypo-
thermal ores after which the fineness of gold being deposited 
rises sharply. The gold, depending on whether it antedates 
galena, is contemporaneous with it, or is later, may show a 
variation in fineness from low to high. 
~unner (1920, p.22l) and Ferguson (1934, p.88) both state 
that an abundance of galena in deposits of the Walhalla-Woodfs 
Poi nt, and Filabusi areas, respectively, can be correl at ed with 
low f i neness of the gold recovered. Knopf (1929, p .37) however, 
found that gold associated with galena in a gangue of quartz 
and dolomite in the Mother Lode was higher in fineness than 
that occurring with arsenopyrite or pyrite, but not as pure as 
that occurring with pet :rite. The gold of the O'Brien mine 
(Mllls, 1954) has a fineness of 860-950. According to Bell 
(1931, p.638) llgold appears to have been connected with the 
last phase of metallic mineralization11 in this deposit. He 
stated that galena is a r ather rare mineral i n t his deposit, 
but is most commonly found in the high-grade sections. 
Malcolm (1912, p.94) stat ed that 11 Nova Scotia's gold is very 
fine 11 ; examples show a variation from 930 to over 980 fine. 
Regarding the manner of occurrence of the gold, he noted that 
11 gold is very commonly associated with arsenopyrite and almost 
i nvariably wit h galena , often forming l ar ge nugget s. 11 
Ore from the J essie mine cont ains, locally, abundant 
gal ena . From such t extural fea tures as segmented veinlets, 
i nclusions and so on,. part of the gold in the ore i s con-
sider ed to be cont emporaneous wit h gal ena . Different grains 
of this gOld range from silver-rich t o silver-poor. The 
Ma.kanga mine , near Bu.J..awayo (see Chapter IV ) produced gold 
varying in fineness from 888 t o 927. Polished specimens of 
this ore r eveal abundant coarse-grained gold and galena 
~--------------------------------~----------, 
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occurring together with minor amounts of pyrite and calaver-
i te (?) . Specimens of ore from the now-abandoned Abercorn 
mine, near Gwanda, show that the gold started to crystallize 
before galena, and thereafter continued to crystallize side-
by-side with it (Plate XXIV). No definite evidence was found 
that gold continued to separate after galena had ceased to do 
so . The fineness of gold in this deposit reached a maximum 
of 905. In the Big Ben mine, close by, the ore is very 
similar in character, but the gold slightly purer (929 fine). 
This appears to be consistent with the fact that there is a 
definite tendency for some of the gold to wrap around 
crystals of galena in several specimens of very rich ore 
wtich were polished. In ore from the New Coburg mine,. which 
is also in the immediate vicinity, gold occurs intergrown with 
galena . The galena-gold contacts, seen under the microscope, 
are almost invariably well defined planes, to which the 
cleavages of galena lie parallel~ In a few cases, the planes 
along which the two ~nerals are in contact give way to a 
series of tiny steps formed by the edges of tiny cubes, The 
writer was unable to decide whether gol d precipitated directly 
on the faces of galena crystals, or replaced the galena and 
was guided by the cleavages of galena in so doing. In either 
event, the gold appears to be later than the galena, but is 
in turn older than both sylvanite and bismuthinite, which 
replace it. (Plate Xr.T, Fig. 1). The gold is of the same 
age as native bismuth, with which it is intergrown, with neither 
mineral developing crystal faces against the other (Plate XXV, 
Fig. 2). The fineness of gold is in this case 940 . These 
three deposits, the Abercorn, the Big Ben and the New Coburg 
form a series demonstrating a slight increase in f ineness of 
the gold, which can apparently be corr81Pted with slight 
differences in the relationship of gold to galena. 
Plate XXIV 
Fig.l Gold moulded on euhedral pyrite, with both these 
minerals being in turn enclosed by galena. Tex-
tural relationship indicates that gold here 
started to crystallize before galena. Abercorn 
mine. x 360. 
J - I 
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Fig.2 Segmented galena-gold vein filling a fracture in 
pyrite, Abercorn mine. Texture indicates that 
here gold and galena crystallized together. x 360. 
Fig.l 
Plate XXV 
Gold (pale grey) partially replaced by bis-
muthinite (bt). The large grain on the right, 
indistinguishable in the photograph from bis-
muthinite, is galena (gal). Note native bis-
muth (bi) in gold. New Coburg mine. x 360. 
; bt 
/ y 
bi 
Fig.2 Unusual intergrowth of native bismuth (bi, show-
ing twinning) and gold (au) set in galena (gal). 
Note straight margin against galena (lower edge), 
and replaceme.nt of 5old and bismuth by bismuthinite 
(bt) and sylvanite (s l). New Coburg mine. Crossed 
nicols. x 360. 
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As far as can be determined from the very limited data 
available, the fineness of gold in association with sulpha-
salts varies in the same way as it does in the case of galena. 
Sulpho-salts have been encountered in only a few deposits, and 
then only in small quantities, so that the relations between 
t bis class of minerals and gold are not clearly known. 
~a~&L,.~_§. 
Evidence is forthcoming from a number of sources to sho\.J' 
that gold, which occurs very late in the paragenesis, has,very 
frequently, a high degree of purity. Gold in this category 
might be defined as that which crystallized in the presence 
of minerals such as tellurides, antimony or bismuth, or after 
them. 
Tellurides 
In the Olympus mine the average fineness of the gold 
varies from 780 to 880, but the purest gold in the ore is 
that which occurs either as discrete grains or with tellur-
ides in such a manner that it should be r egarded as contemp-
oraneous with them. It was established (Chapter IV) that one 
third of the gold is closely associated with telluride minerals, 
and that most of this has a deep golden-yellow colour, in con-
trast with that which occurs with chalcopyrite,when it is 
distinctly paler in colour. Gold in the Freda mine, in the 
Tuli group, occurs together with t etradymite and another un-
identified mineral, r epl acing pyrite. The three younger 
minerals also form segmented veinlets filling fractures in 
pyrite, and in so far as segment ed veinlets filling fractures 
may be taken as evidence of stmultaneous cr~stallization 
(Bastin, 1957, p.l7) these minerals are of the same age. They 
also form i solated blebs in the pyrite, or occur moulded on it. 
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The fineness of this l ate gold is uniformly high, and production 
data over several years indicate a range from 936 to 940. 
It has already been mentioned that at the Lake Shore mine, 
Ontario, (Bloomfield and others, 1936) gold of two distinct 
types occurs. The purer gold, which occurs in coarser particles, 
may commonly be associated with the telluride, altaite. Bruce 1s 
statistics (Bruce, 1943) for the Lake Shore mine show that the 
fineness of the gold bullion varies from about 835 to 945. 
According to analyses given by Ibopf (1929, p.37) the purer 
gold in the Mother Lode system is associ at ed with petzite in a 
dolomitic gangue. Although only 899 fine, it is conspicuously 
purer than that occurring with arsenopyrite, pyrite or galena . 
Sharwood (1911, p.29) has commented on the remarkable purity of 
gold deposited either contemporaneously or alternately with 
tellurium minerals. He states that 11 to this class may belong 
the deposits of Goldfield, Nevada, where free gold (some of it 
almost absolutely pure) is associated with a complex antimonial 
sulpho-salt of copper containing bismuth and tellurium, named 
goldfieldi te •••• 11 He remarks further (p.29 ) that 11 in many 
instances where native gold has been found of exceptional purity, 
it has been associated with tellurides." It is not, however, 
clear to what extent he included gold r eleased by the decomposi-
tion of gold tellurides in this generalization. In their 
detailed description of these ores, Tolman and Ambrose (1934, 
PP• 274-277) stated that two types of gold are pr esent. One 
i~ yellow in colour and contains silver, the other is reddish 
and microchemical tests failed to indicate in it t he presence of 
silver . · They state that gold is either contemporaneous with 
the gold- silver tellurides petzite, hessit e and sylvanite, or 
later than them, and is definitely later than goldfieldite . 
The two types of gold may occur together with sharp boundaries 
between them, but gradations bet,.Jeen the two also occur. 
It is interesting to note that Lindgren (1937, p.363) 
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gives the following sequence in his generalized paragenesis 
for hydrothermal cress silver, bismuth, electrum, tellurides 
and native gold. This does appear to suggest that there is 
weighty e11dence that electrum is characteristically earlier 
than tellurides, whereas pure gold follows the latter. 
~a ti ve Anti.roony_anQ_Bi S!J'ill.th 
It has been found that where gold occurs late in the para-
genesis, with either or both of these two minerals, its fine-
ness is high. The case of gold in the New Coburg mine has 
been quoted above. Here gold is later than galena, and 
intergrown with native bismuth (see Plate XXV). It is of 
moderately high purity, being consistently close to 94JJ fine. 
The occurrence of gold in intimate association with native 
bismuth and probably also native antimony in Horn mine ore w;.s 
fully discussed in Chapter IV, where it was shown that as the 
proportion of bismuth increases in the ore specimens, the 
gold content also tmcreases, and the apparent fineness deter-
mined by assay also rises close to a maximum of 960 • 
.A_uro_2tibite 
The rare mineral aurostibite , AuSb2, has been described 
by Grah~m and Kaiman (1952) as a mineral deposited l ate i n 
the sequence of mineral deposition, occurring together with 
bright-yellow gold in ores of the Giant Yellowknife and 
Chesterville mines~ The present writer has encountered a 
l ate mineral which closely r esembles aurostibit e (see Chapter 
IV) and which bas tentatively been identi fied as such, in 
ores of the Jessi e and Lone Hand mines in the Gwanda district. 
In both of these deposits aurostibite (?) and gold may occur 
intergroWn, and where they occur in this form, the rich colour 
of the latter t estifies to its exceptional puri ty. 
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L~te ~~ti1~ 
The Getchell mine, l~vada (Joralemon, 1951, p.304) is an 
epithermal deposit which yiel ds gol d bullion in which the ratio 
of Au/Ag is 10:1. It is of interest to note thnt gold and 
late magnetite were the last minerals to crystallize, and that 
(p. 280 ) the two minerals occur i n cloGe association. Both 
continued to crystallize after all sulphides had ceased to do 
so. 
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DISCUSSION : Tf~ GEOLOGICAL FACTORS CORRELATED WITH VARIATIONS 
.= - -----------
~[11~NESS • 
The f actors which different writers have correlated 
with variations of gold fineness are numerous. Those which 
have most commonly been held t o be important are discussed 
below, and an attempt is made to assess to what extent the ob-
servations made in different areas are consistent. Consider-
ing the complexity of the problem, there is no cause far 
surprise when it becomes a~parent that much of the evidence 
is contradictory. The views of the present writer are given, 
and it is believed that some of the par adoxes which have been 
encountered can be r esolved, 
Sharwood 1s determinations of the fineness values of gold 
grains of different sizes (Sharwood, 1911, pp, 781-782; Fisher, 
1945 , p.556) indicated quite clearly that in the Homestake 
mine ore the purity of the gr'ains t ends to increase with size. 
For convenience, his findings are reproduced here in Table 23. 
Although the greatest difference between the fineness of very 
large grains and that of tiny grains is only 2.3 per cent, the 
feature is so consistent in gOld from different levels of the 
mine that it must be accepted as a characteristic of the or e . 
Fisher (1945, p. 555 ) commented on this as follows: 
"A similar increase in purity of gold with grain size has also 
been noticed in other gold deposits. Variations in tempera-
ture at the time of deposition may be capable of explaining 
these differences in the case of primary ore far the presence 
of lar5e grains or crystals of gold suggests higher and more 
uniform temperature -with resultant higher fineness - for 
their formation than ·would be expected for fine grai ns." 
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Table 2,2 
Fineness of Gold in the Homestake Mine 
(From Sharwood (1911)) 
------
Grain Size of Gold 
Surface workings Coarse 
Medium (on 100 mesh) 
Fine (through 100 mesh) 
400 ~ 500 and Coarse 
600 ft. l evels ~dium (on 50 mesh) 
Medium (on 100 mesh) 
Fine (through 100 mesh) 
700, 800 and Coar se 
900 ft. levels Medium (on 100 mesh) 
Fine (through 100 mesh) 
1000 ft, and Coarse 
deeper levels ~d·ium (on 100 mesh) 
Fine (through 100 mesh) 
----·-lOOOAu 
(Au + Ag) 
831 
823 
823 
849 
836 
836 
826 
850 
838 
833 
842 
840 
8,32 
Further investigation has disclosed that the conclusion 
quoted above runs contrary t o fact in so many cases that it 
loses value as a principle of broad application , The case 
of the Lake Shore mine in the Kirkland Lake area might be 
quoted, where small particles of gold, generally only a few 
microns across, occur embedded in pyrite and have a higher 
silver content than larger particles occurring di screte or 
with tel lurides (Bloomfield and others, 1936). In this case, 
although the larger particles are purer than the ~ler, the 
age and t emperature relationships are the reverse of what 
would be expected fron Fisher 1s generalization. MilJa ;(1954) 
demonstrated that, in the O'Brien nino, Quebec, the average 
fineness of gold increased with depth whereas the average 
size of particles decreased, and hence the smaller particles 
are purer than those which are lareer. The pr esent writerts 
investigation of the gold in the Jessie mine (Chapter IV) in-
dicated that the c'oarser particles of gold are decidedly rich-
er in silver than the sr.Ja.1lor • In the Olynpus mi ne (Chapter 
IV) tho largest gold particles were found to be int inatel y 
associ ated with chalcopyrite, and other grains, particularly 
the purer grains occurring isolated in quartz or with tellur-
i des, were quite definitel y sDall er . It was also described 
how crushed sampl es of hi gh-grade or e fron the Hor n ~ine, 
Gwanda, were sieved and the free gold ±n different fractions 
separat ed by amalgamation. Gold par ticles greater than 100 
~e sh averaged 906 f ine, whereas those less than 100 nesh aver-
aged 977 fine. A sinil ar t est carried out on Lone Hand mine 
ore showed that gol d grains l ar ger than 100 mesh aver aged 
969 fine, whereas gold finer than 200 nesh aver aged 985 fine. 
Gold in the 100-200 mesh fraction gave an inter mediate value 
of 982. 
These few observations are perhaps sufficient t o sh_ow 
that probably no general conclusions can be drawn from 
studies of grain size in relation t o variations i n fineness, 
f or t he size and purit y of gr ains nust be controlled by the 
amount of gold available at any particular stage of mineral-
ization, and it can be considered r easonably well established 
that gold is not strictl y confined to any one position in the 
paragenesis . In any event , it is cert ain that the basic 
assumptions which led Ms.ckay (1944, p. 58 ) to assert that "the 
possibility of small par ticles of the primary metals having a 
higher sil ver content than large primary particles seens 
unlikely", are invalid. 
Thu,s, whil e a definite correl ation may be established 
between grain size and composit ion of gol d grains in any one 
deposit, it is certain that this r el ati onship may not hold 
good f or other deposits , even when they ro·e of very sinilar 
character in other r espects . 
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~TH AND TEMPEF:A TURE 
Fisher (1945, p,56l) has claimed that "fineness of gold 
shows a general incnease with depth of depositio~which implies 
high te~perature and pressure, and appears to be correlated 
more closely with teoperature , 11 This conclusion was based on 
a broad conparison of deposits of the epithermel, mesothermal 
and hypothermal types, supported by instances where gold fineness 
appears to show steady decline with increasing distance from the 
source. While it does not detract from the value of that work, 
the present investigation has indicated certain discrepancies 
which cannot be explained unless the influence of temperature 
is given less prominence, 
The chief objections to singling out temperature as the 
factor of par~nount importance in controlling gold fineness are 
listed below:-
(i) While gold fineness increases with depth in some deposits, 
it may also decrease in others, The Kolar gold field (Pryor, 
1923) and the OtBrien mine (Mills, 1954 ) belong to the first 
category. The Norning Star nine, Victoria (Threadgold, 1958) 
belongs, for exaL1ple, to the second , Here the fineness is 
stated to have dropped from 805 in the upper levels to 785 below 
the 14th level , A.B. Edwards (personal communication) writes 
that 11 some of our mi!1es show not so nuch zoning of individual 
gold crystals as variation in silver content with depth -
generally a tendency for the silver content to rise slightly 
with depth, This i s apparent in ores in which the gol d is 800 
t o 850 fine - or even richer in silver, Our ores with gold 
900 t o 970 fine show little evidence of change with depth," 
The Lonely nine (Chapter IV) showed a conspicuous drop in gold 
fineness from 958 in the upper l evel s to 891 in the deeper 
l evel s bel ow 2, 000 feet from surface, The Turk mine (Chapter 
IV) appears t o yield gold which is consi st ently richer in 
silver at 2,000 f eet from surface than gold fr~ l esser depths. 
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Bruce (1943) indicated that the silver content of gold may 
increase with depth in certain gold mines of Ontario. In 
these cases quoted above it is difficult t o explain the upward 
increase of fineness purely by temperature changes. The 
necessary conclusion that t enperatures increased with increas-
ing 0istance from the source in each of these cases seems 
i llogical. A co~ent made by Lindgren (1926, p.87) in his 
discussion of Spurr's vertical succession, is perhaps relevantt 
"The order of deposition is not sinply a functi on of tempera-
ture . The precipitation is a function of tenperature, 
pr essure , time, concentration and accompanying components in 
the system." 
(ii) a Not all gold in hypothermal deposits is inv~riably of 
high fineness, Although the Inneralization in these may 
unquestionably be of high-intensity type, characterized by 
the presence of arsenopyrite, pyrrhotite and chalcopyrite 
containing exsolved cubanite , the gold fineness is neverthe-
less in some cases within the range usually associated with 
epithermal deposits. The stat istical study of the fineness 
of gold in the ores of the Gwanda district, f or example, 
established the existence of low-fineness gold in several 
deposits, and the nore detailed exaQ!nation of some of these 
demonstrated that there is no r eason to consider them as any-
thing but hypothermal. Similarl~ the Antelope mine (see 
Chapter IV) whieh is characterized by high-temperature ore 
minerals, and which contains garnet as a gangue mineral, 
producod gold which was only 809-849 fine . Conversely, 
in some low-intensity epithermal deposits gold and silver 
may occur in the ore as separate metals rather than as an 
alloy (Joralemon, 1951). These facts can in no way be re-
conciled with the view that the tendency for gold to alloy 
with silver invariabl y increases at l ower temperatures. 
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(iii) The variability of gold fineness in any one deposit may 
be regarded as an established f act. Specifically, however, 
the explanati on of this in terms of teD.perature variations en-
counters difficulties in those cases where the average fineness 
varies apparently haphazardly along strike over distances of 
only a few feet or even much smaller distances. 
(iv) The fact that a deposit is hypothermal in character is no 
guarantee that all of the gol d in it precipitated at particularly 
high t emperatures. Lindgren (1937, p.368), for example, quotes 
work by Borchert which suggests that calaverite at Kalgoorlie (a 
hypothermal deposit) actually crystallized at a lower temperature 
than that from Cripple Creek (an epithermal deposit). 
(v) The correlation between gold fineness and the relative ages 
of gold grains in any one ore, as described in Chapter IV, is the 
most convincing evidence that temperat ure is not the only opera-
tive factor controlling fineness. As this aspect is mor e fully 
discussed in a succeeding section, it should be sufficient to 
state at this stage that the change from low fineness t o high 
fineness, with the successive deposition of ore minerals in 
normal paragenetic order, is quite the reverse of what would be 
expected i f temperature alone controlled fineness, 
PARAGENESIS AND AVAILABILITY OF SILVER 
Evidence has been presented (Chapters IV and V) to support 
the view that the purity of gold particles can be linked with 
the stage at which deposition occurred during mineralization.. 
This evidence has accumulated during the study of deposits 
which are hypothermal in character; lt is not known whether 
similar relationships prevail in deposits which are mesothermal 
or epithermal. Bearing in Qind that hypothern~l deposits tend, 
in general, to be deficient in silver and are in this respect 
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r ather different froD epithermal and Desothermal deposits, the 
hypothesis outlined below is intended to be applied only t o the 
forrJer class of deposits. To what extent the conclusions are 
applicable to deposits containing abundant to tal silver can be 
determined only by nore extended study. 
(a ) ~~nesis of Gold 
In those few ~ses where opinions have been stated by 
different investigators, it has been implied that the normal 
sequence during vein mineralization is f'ron purer gold in the 
earlier stages t o silver-rich gold in the later stages. Thus 
Edwards (1958, p.l30) in his description of the Maude and Yellow 
Girl mine denonstrated that the fineness of the gold vari es from 
685 to 9,0, and concluded that 11 ••• some gold ••• was deposited 
along with the arsenic in the opening stages of mineralization, 
and entered into solid solution in the arsenopyrite and pyrite. 
From the paragenesis, it would be expected that very little silver 
was as3ociated with this early gold. 11 Reference has already been 
made to Fishert s views. He concluded that high temperatures 
cause the gold grains to. be purer and larger than those f ormed at 
low t emperatures. Mather (1937, p.l41) described gold in the 
HO\.fey mine , Ontar io, a s follows : 
"Free gold occurs generally in a finely divided state, and is 
megascopically visible in only four hand specimens. Under the 
microscope it was identified in four fifths of all specimens 
e~~~ned . In polished section the col our varies from golden 
t o pale yellow. ·van der Veen states that the pale colour of 
certain free gold i s due to the sil ver it contains in solid 
solution; this is verified by the occurr ence of the pal e yellow 
type as blebs in polybasite •••• Microchemical tests show that 
the amount of silver pre~ is insufficient to form el ectrun. 
The difference in colour and ther efore in composition can be 
correlated with difference in age ; the gol den yellow type is 
older and the ·pale Yf?llow i s younger. 11 
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The logic upon which the latter conclusion i s based seens less 
than convincing, in view of the fact that polybasite is shown 
(p .148) to be araongst the last of the or e minerals to crystallize, 
and did not start t o separate until all gold had ceased to do so. 
The present writer has found that, in the case of the South-
ern Rhodesian deposits which he has studied, the position is the 
reverse of what has been implied in the references quoted above . 
The relationship is illustrated in Fig. 23 . This di agra.n i s 
presented wit h the full realization that i t is open t o sever e 
criticisr.l on many counts, but it r elila.i ns, nevertheless, the least 
z 
complex way of sum;-:Jari¢i ng the data, and depicts the change from 
sil ver-r ich gold deposited early in the paragenesis, to purer 
gol d in t he later stages , N1~ particular deposit has been select-
ed as a nodel in the construction of the diagran, and the fineness 
values used for plotting the curve should be considered to be sig-
nificant in a relative r ather than an absolute sense. 
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DEPOSITION OF ORE MINERALS 
Fig,_~ Variation of Gold Fineness in Rel ation to Paragenesis 
of Ore Minerals . 
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Fig. 24 PARAGENESIS OF GOLD AND SILVER IN RELATION TO 
THE COMMON ORE MINERALS. GENERALIZED DIAGRAM 
BASED ON SOUTHERN RHODESIAN EXAMPLES. 
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vfuereas Fig. 23 depicts the variations in true fineness of 
gold particles, Fig. 24 is more closely.related to apparent 
fineness values. An idealized paragenetic sequence is shown 
in the customary way, but the relative abundance of the elements 
gold and silver has been indica t ed by lines whose thicknesses 
vary according to the relative amounts considered to have been 
deposited at different stages. 
The data on which the diagran is based have been drawn fron 
microscopic study, the assays of saraples of minerals and cor:oon-
trates, and of samples taken underground. Thus, the microscope 
can be used to demonstrate that although gold has a long period 
of deposition and may accompany different ore minerals, its rate 
of deposition generally accelerates towards the later stages of 
metallization. When the final phase is entered there is a 
sharp decline in the rate of deposition, and the grains become 
exceedingly small although they may be very numerous. The pro-
portion of silver r elative t o gold nay be deduced partly from 
the rough estinates of gol d fineness made under the microscope, 
and the t extural evidence, but chiefly from assays of specimens 
which have already been exa.r.lined r.1icroscopically. 
It will be recalled that in Chapter IV a sympathetic varia-
tion in gold content and gol d purity was demonstrated in several 
deposits. This may now be interpreted t o L~an that throughout 
the greater part of the course of tunernlization in hypothermal 
deposits, gold and silver are deposited at an increasingly 
greater rate, but that the increase shown by gold is greater 
than that shown by silver . Accordingly, in the earlier stages 
the gold may alloy with considerable amounts of silver , but the 
proportion of silver does not keep pace with that of gold in the 
later stages, and fineness is constrained to rise. It is con-
sidered that, in the \-Ianing stages of netallization, the decline 
in the amount of silver separating f.ror~ the ore fluids is well 
advanced before the decline in gold is appreciable. This l eads 
to the growth of progressively smaller particles of gold, of 
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perhaps exceptional purity, just before metallization ceases al-
together, and probably accounts for tho occurrence of small pock-
ets of ore which are found to contain only snall &~ounts of gold 
and practically no silver. Fro~ what evidence is available, 
such pockets are not uncomoonly encountered during sampling. 
(b )..Silver-rich Gold £lJ.llL,Qthe!:_SilYQ:LMinerals in !!.yggthernal 
:geposi ts. 
Tho hypothesis outlined above is capable of explaining 
the observed variations in gold fineness in the majority of deep-
seated Rhodesian deposits. The change from gold of low purity 
t o gold of high purity with the progress of metallization in ores 
which are basically silver-poor is seen to be a function of the 
availability of silver. The most convincing proof that this is 
the case is the fact that the disparity between true fineness 
and apparent fineness values i s negligible in those specimens 
of rich or e in which the gol d is denonstrably late ; this shows 
that there was insufficient silver available to forn silver 
minerals other than silver-bearing gold in the late stages. 
Some complexity is introduced where the anount of silver in 
the ore is apparently in excess of the amount which occurs alloyed 
with gold, or where the average fineness of the gold is rather 
lower than that normally expected in hypothermal deposits. 
c These two contingen~ies naynow be considered. 
I n the forner case, where there are significant discrepan-
cies between the true fineness of gold particles in t he or e and 
the apparent fineness of the samples in which they are contained, 
the following factors bear on the problem; 
(i) Where there are only unimportant differences between the 
average fineness of the gold particles separated by amalgam-
ation, and the apparent fineness of the residual sulphides , 
these may legitimately be ascribed to the occurrence of very 
small, perhaps sub-microscopi c , particles of silver-rich 
gold embedded in the sulphides, whfu h are not r ecovered by 
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amalgamation, These particles probably represent gold 
which separated at an earl y stage, but which were prevent-
ed from attaining any appreciable size• Disparity between 
the fineness of amalgam gold and that of cyanide gold may 
perhaps in many cases ari se in this way. 
(ii) Modifications of paragenetic order. The presence of 
native gold and silver-bearing minerals in the ore does not 
necessarily imply that they are of the same age. Silver 
may, for example, be introduced in some abundance after the 
deposition of gold has ceased, in which case silver miner-
als will be found to be later than the gold. Silver 
introduced at this stage would be unable to alloy with gold, 
and gold should then occur as inclusions in these minerals. 
(iii) The partition factor. Edwards (1958, p.l31) suggested 
that the concentration of other elements in the mineraliz-
ing solutions, with which the silver could combine, would 
influence the f i neness of gold, and hence it would be log-
ical for silver- bearing mineral s and gold of moderately 
high fineness to occur together. 
(iv) The ability of gold to alloy with silver. Very little in-
formation i s avail able with regard to the power of gold to 
alloy with silver under different conditions. Fisher 
(1945) has claimed that at lower temperatures gold has a 
gr eater ability to alloy with silver than at higher temp-
er atures, whereas Joralemon (1951, p.296) holds that at 
very l ow temper ature gold and silver will not alloy, but 
will be pr ecipnated as the separate metals. This i s said 
also to characterize the precipitation of gol d and silver 
from cyani de solutions . M.S. Fisher (1935) showed that 
~der supergene conditions gold is precipitated as almost 
pure metal . The subj ect clearly requires further investi-
gation. 
Turning to the second of the contingencies previously 
cited, ·that which concerns the occurrence of gold of low average 
fineness i~ hypothermal deposits, one cannot fail to be impressed 
by the fact that each of several examples quoted has one feature 
in common. That is, notable quanti ties of gold occur in 
intimate association with, or are enclosed by, the sulphides 
chalcopyrite, sphalerite or galena. Thus, in the Olympus mine, 
abundant coarse gold particles occur either as crystals bounded 
by faces in the interiors of chalcopyrite c~stals, or indent~ 
ing the margins of chalcopyrite crystals. In the Jessie mine 
there is abundant coarse gold which occurs with sphalerite, 
while in the Lonely mine ore the change from high-quality gold 
to low-quality gold was marked by a change in the manner of 
occurrence of gold from that of discrete grains to grains en-
closed in chalcopyrite. Other examples were quoted in Chapter 
V. The conclusion seems inevitable that the low average fine-
ness of gold in these ores is brought about by an unusual 
abundance of gold which is precipitated early in the paragen-
esis, for gold of high purity does also occur, but is quantit-
atively less important than it is in ores where the average 
fineness is high. What f actor has caused gold, and to a less-
er extent, silver, deposited in the earlier stages of precious-
metal metallization, to become as abundant as that deposited in 
the penultimate stages is not known. The influence of that 
factor is nevertheless very conspicuous. These ores in 
which the average gold fineness is low appear to carry only 
very little silver in excess of that required to account for 
the low gold fineness. For example, in the Olympus mine the 
average apparent fineness values are only about 50-100 parts 
lower than the average fineness of gold particles, and in the 
Jessie mine approximately 100 parts lower. · Consideringfugt, 
part. of t his difference may be accounted for by the occurrence 
of very tiny gold partiCles of silver-rich gold enclosed in 
sulphides , the silver occurring in some other mineralogical 
-166-
form is perhaps very small. 
An important question which arises out of this discussion 
concerns the underlying cause of the relative paucity of silver 
in the se deposits, particularly in the l ater stages of mineral-
iza.tion, Are hydrothermal fluids in the hypothermal environ-
ment fundamentally deficient in silver, or does the silver merQly 
exhibit a reluctance to separate from the ore fluid? It is 
obviously not possible to resolve this question by the examina-
tion of ore specimens, but evidence from a different source 
suggests that the second of the alternatives may be the correct 
one. Thus, if the upper five zones, representing the Tertiary 
precious-metal veins, be ignored, ~mmons 1 well knmn1 reconstruct-
ed vein system (Emmons, 1924, p.983) shows that silver tends 
in general to be carried far from its magoo.tic source, whereas 
gold is freely deposited at depth. 11Gold is unique among the 
metals •••• in that it is deposited lower down on the walls of 
l arge batholiths than others", (loc. cit., p.989). A similar 
picture is presented by Emmons in his subsequent paper (1926) 
dealing with the different groups of metalliferous lodes, which 
he distinguishes on a basis of their positions r el ative to 
their parent batholiths. Silver is shown to increase steadily 
in amount with distance from the deeper parts of the batholiths 
which produced the mineral veins• Joralemon (1951, p.J04) 
ascribed the decreasing tenor of silqer metallization in the 
late stages of the formation of the Getchell deposit, Nevada, 
to increasing solnbili ty of silver . "Hydrothermal solutions, 
on rising, may be expected to change gradually from alkaline to 
some degree of acidity. As a consequence, gold will tend to 
be deposited as soon as sufficient sulphide ions are removed, 
I 
but silver sulphides and suJ.phosalts, being soluble in acid 
solutions, will no longer be deposited but will be swept along 
the channelways" (loc. cit., p.J04). There is, however, a 
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hint that there is an actual deficiency of silver in the fluids 
forming deep-seated deposits, for Emmons (1924, p.989) does 
state that 11 there is evidence 
••• 
of a separ~tion of metals in 
the magmatic chamber; gold, vri. th other met!Us in smaller amounts, 
is deposited well down on the walls, while much gold and most 
of the other metals on segregation tend to move to the c~polas 
/ 
and ridges of the roofs of batholiths." 
(d) Resolution of Some Paradoxes 
At the beginning of this paper it was pointed out that a 
paradox arises when the explanation of the downward decrease 
of average gold fineness in some deposits is sought in terms of 
temperature variations. It seems illogical to suggest that 
the increase in fineness with increasing distance from the 
source in deposits of this class should be due to an increase 
in temperature as higher levels are reached by the ore-deposit-
ing fluids. In view of the evidence which ha3 thus far l:::een 
presented, it is here offered for consideration that, in 
deposits of this class, the gol d in the deeper levels crystal-
li zed early, in the company of sulphides, and that, with in-
creasing distance from the source, the chemical attributes of 
the ore fluids changed so that a greater proportion of the gold 
deposited was 1late 1 gold, following the sulphides. The result 
of this would be an increase in the aver age fineness of the 
gold towards the surface. These conditions appear to have 
been fulfilled, for example, in the Lonely m:ine deposit, 
Changes in the opposite sense would bring abo:Jt an increase 
in average fineness with depth; As :pointed out in a following 
sec tion, the exact nature of these changes is unknown, and 
t he non-committal phrase 'changes in the chemical attributes 
of the ore fluids' is preferr ed , It may be that the changes 
in question ~elude changes in the concentration of sulphide 
in the fluids. 
By the same mechanism, the inconsistent relationship 
between grain size and gold fineness might be explained, If 
it be assumed that grain size is chiefly a function of the 
availability of gold and the temperature of deposition, the 
grain size and composition of the gold grains will depend 
largely on the stage at which gold is most rapidly being supp-
lied to the focus of deposition. Where gold was freely pre-
cipitated throughout a long period, it would be expected that 
the early-formed grains would be larger, and also richer in 
silver, than those which formed later at the lower temperatures 
which would favour the formation of smaller grains. The 
assumption that lower temperatures are conducive towards the 
formation of smaller grains,than~ high temperatures,appears 
to be valid1 for the first-formed minerals in ores, even where 
they are not present in great quantity, do appear to form 
larger crystals than the later-formed minerals. Also, epi-
thermal deposits are notably finer in grain than, for instance, 
hypothermal deposits. In the case where the larger grains 
of gold in a particular ore are purer than those which are 
smaller, it may well be the case that grains have grown larger 
and purer by zoning, i.e., by the continued deposition of 
shells of purer gold around early-formed nuclei - the later 
shells being purer than tho earlier shells. It would be 
expected that, in this case, larger grains would not be conspic-
uously purer than smaller grains. 
Selective precipitation of gold and silver by different 
ore minerals does not appear to supply an answer to variations 
in gold fineness, or to the variations in total gold and silver 
content. If selective precipitation wer e important, it might 
be &xpected that associated with each mineral in the ore there 
would be gold of a characteristic fineness. But this is not 
the case; the correlation between the fineness of gold 
particles and their occurrence with the associated minerals 
·appears to hinge only around thGir rAlative ages . The experi-
ments which have tested the relative efficacy of different 
sulphide minerals as precipitants of gold and silver (Palmer 
and Bastin, 1913; Grout, 1913) do not suggest any clear 
r0lationship between the precipitating power and the observed 
variations in fineness of the associated gold. In any event, 
these experiments are applicable to supergene rather than 
hypogene deposition. 
The chief weakness of the hypothesis outlined above 
might be considered to be the la~ of supporting chemical 
evidence. However, in view of the diversity of opinion that 
still exist s concerning even the most fundamnetal characteris-
tics of ore-depositing fluids, there i s little to r ecommend 
the proffering of any theor etical mechanism to aamunt for the 
facts. It might, however, be relevant t o point out that the 
change from low fineness to high, during. mineralization, 
appears to run parallel with the waning of the deposition of 
sulphi des and the ascendancy of t ellurides, native metals and 
other non-sulphides . One is tempted to apply the alkali 
sulphide hypothesis of Smith (1943) to t he problem, for this 
i s concerned with the solubility of gold and silver in solutions 
of alkali sulphide. 
The relationship between the averrage grade of ore and the 
purity of gold, which exists in a number of deposits, is easily 
explained once it i s accepted that two features characterize 
the precipitation of gold, These two f eatures are, respective-
ly, the increas.e in purity of grains from the earlier stages 
towards t he later stages , and the tendency for the rate of pre• 
cipitation to increase as the last sulphides, tellurides and 
native met als separate . Ore shoots, or smaller l enses of high-
gr ade ore , are thus identifiable with port ions of the vein 
system which, for one r eason or another, have all owed the passage 
of ore fluids until t he l atest stages . This is cl early a 
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function of permeability. Those parts of the ore channel 
which have become filled at an early stage will contain only 
gold which has been precipitated relatively early; as a 
r esult the amount of gold will be small and its fineness will 
be low. But in those portions of tne ore channel where 
'clogging' by gangue and sulphides has been less complete, 
ore fluids will continue to pass and to deposit gold until 
the latest stages. This l ate gold will be r el atively pure . 
The total amount of gold will be greatest in these sections, 
and,although the average fineness will be high, careful 
examination will usually establish a ranee in the purity of 
the constituent grains. It would be expected that small 
pockets of ore would occur, which contain gold of exceptional 
purity, but perhaps not in great quantity. These would repre-
sent the last gold grains to form before metallization ceased 
altogether. 
It is possible to relate this sequence to the fineness-
tenor diagrams which were employed in Chapter Dl. Fig. 25 
is an ideali :agd diagram of this type, which may be considered 
to represent either the fineness of amalgam geld plotted against 
the average grade determined by recovery, or the apparent fine-
ness of small samples plotted against their gold content deter-
mined by assay. The area in which the majority of plotted 
points fall, in practice, i s represented by shading. 
The area 1A' represents the low-grade specimens contain-
ing only a small proportion of those minerals which occur l ate 
in the paragenesis; chiefly the high-temperature minerals such 
as P3'rite and pyrrhotite are pr esent . Area rcr represents 
specimens containing an abundance of low-temperature minerals 
and late gold, or perhaps only gold, whereas the area 'B' will 
represent specimens containing gold grains whose composition 
var·ies considerably; diversity of mineral species is to be 
expected. Ore specimans which contain only small amounts of 
late gold, low-temper ature minerals and probably only tdaces 
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of early-deposited sulphides shotud fall in area 1D1 • The 
total gold content of these specimens would be low because only 
that gold which separated in the waning stages of metallization 
would be found in them. In practice, it has been found that 
area 'E' is generally unoccupied. In view of the discussions 
above, this is to be expected, for gold is not normally precip-
itated in greater abundance in the earlier stages than in the 
later stages. Thus, an abundance of gold, containing about 
the same pr oportiarn of silver as that characterizing the area 
'A ' , is not to be expected. 
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In view of this r elationship which is apparent in 
individual deposits, an attempt has been made to determine 
whether a similar relationship might not characterize groups 
of deposits. The fineness values for a number of deposits in 
the Gwanda district have been recorded in Table 1. Using all 
possible care , the average grade of the ore was established 
for each producer, for the year during which the highest fine-
ness value was recorded. This estimate was based on the tonn-
age milled, and the total amount of gold recovered by amalg~ 
ation, cyanidation add the treatment of concentrates. The 
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value of the residues was an unknown factor. Where the tonnages 
of sands treated wore found to exceed tho tonnages crushed dur-
ing that year, tho output from cyanidation was adjusted proper-
tionatoly, or that particular producer struck from tho list. 
In this manner some estimate of tho average grade and the high-
est fin~ness value for a particular period could be made. Tho 
manifold inaccuracies are fully appreciated, and require no 
emphasis. To some extent, however, these are counterbalanced 
by the fact that most of the minos were typical smallworker 
operations; grade-control was not practised, and the prossing 
need for an output generally ensured that ore was milled as it 
became available. Conditions such as these mean that wide 
fluctuations in average grade of treated ore are to be expected 
and tha chances of proving a broad relationship between f i neness 
and tenor, if it exists, would be improved. The results of 
t his investigation are shown in Fig. 26, and tho interesting 
fact emerges that, where the f i neness of recovered gold sho1..rs 
greatest variation, as in the Eastern group, there is a de~~ite 
suggestion that it is related to the average grade of the depos-
its. Where the total variations in fineness are in the first 
instance t oo small to spread the plotted points in the diagram, 
this relatio~ship is not obvious. It might be mentioned that 
a few producers, f or which data are available, do not figure in 
the di88l'am. These deposits are of outstanding richness, and 
their average recovery exceeded the range 0-10 dwt./ton. These 
deposits might owe their exc~tional richness t o special factors, 
and their exclusion seems justified . 
THE DEPTH ZONES OF ORE DEPOSITION 
- -
The writer ' s investigations have been confined t o deposits 
which are hypothermal in character, and no opportunity has 
ari sen ~~o study those which arc typically mcsothermal or epi-
thermal. Reasons have been given for l aying less emphasis on 
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temperature as an important factor controlling fineness, and 
more on the chemical attributes of tho oro fluids. It is, 
however, difficult to reconcile these conclusions with the 
established fact that gold fineness does become progr essively 
lower in the series hypothermal-mc sothermal-epitherroal, since 
gold of moderately high fineness does occur in many nesothermal 
and epithermal deposits in which there is no paucity of silver. 
That;is, some factor other than the avail ability of silver 
r estricts the amount of silver which will alloy with the gold. 
The following conclusion is inevitable:-
(i) Temperature , even if it is not the most i mportant factor, 
is nevertheless potent in determining gold fineness at the time 
of its deposition, or, 
(ii) The chemical environment in which gold i s pr ecipit ated 
differs fUndamentally in the different depth zones. 
With regard t o the first alternative , it could be conclud-
ed that while high temperature does , in general, lead t o the 
precipitation of gold with a low silver content, as advocated 
by Fisher (1945), the other factors which the present invest-
igation has stressed cause the discrepancies such as the occurr-
ence of silver-rich gold in hypothermal deposits , silver-poor 
gold in epithermal deposits and the paragenetic r el ationships 
of gold grains of different degrees of fineness in any one 
deposit . This compromise has much t o r ec ommend it, and is 
perhaps the most accept able at the present time. 
The l i t erature is not, however, without suggest ive hints 
that the second alternative may also contai n some truth. If, 
for exampl e , it could be shown that most gol d is deposited, in 
epithermal deposits , in an envir onment which favours also the 
separation of sulphides, whereas in hypothermal deposits most 
of it normally separates only after the chemical envirol1l!Ent 
has changed, with the deposition of non-sulphide miner als, then 
the low fineness of epithermal gold could be attributed to the 
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same factors which cause early-deposited hypothermal gold to 
contain appreciable amounts of silver. 
Fundamental differences between conditions prevailing at 
the time of deposition of the gold in the epithermal deposits 
and other deposits are suggested by Lindgren (1937, p.364) who 
Hrote: 11 In the epithermal deposits the sulphides are crowded 
within a shorter vertical distance; they are 1telescoped 1 , 
using SpurrTs expression ••••• 11 and 11 In the mesotherlTI.al and 
hypothermal classes the sulphides are spread over a larger int-
erval and zoning is more apparent." 
Equally suggestive is a comparison of the paragenetic rel-
ationships established by Lowell (1942) for ore deposits in 
sout h-western Oregon. This brings out the significant fact 
that here the position of gold in the paragenesis does in fact 
vary in the manner which was suggested above . In the hypother-
mal and mesothermal deposits gold continued to crystallize until 
the last stages of mineralization. In the epithermal deposits 
of this region, however, chalcopyrite, tetrahedrite, tennanite 
and bornite continued t o separate af'ter gold. It could be in-
ferred that here the chemical environnent in which gold was 
precipitated differed fundamentally in hypothermal and epi-
thermal deposits. 
This particular aspect does, perhaps, merit further invest-
igation, especially in view of the fact that the epithermal 
deposits may be considered t o include deposits formed at 
elevated temperatures as well as l ow temperatures (Buddington, 
1935; Schmitt, 1950). 
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OHAPI'ER VII 
·-
GENERAL SUMHARY OF CONCLUSIONS 
=== :::;a::::= -
In the following brief swnmary, the more important conclu-
sions which have emerged from the work described on foregoing 
pages are listed, Discussions of the different conclusions 
have been omitted entirely in order to present the findings in 
as concise a manner as possible. The list of conclusions 
includes both statements of findings and the inferences which 
have been drawn from them. 
(1) Gold fineness in any hydrothermal deposit is seldom a 
rigid value characteristic of that deposit. Variations of 
the order of 100-150 parts per thousand are by no means un-
c o1:lillon. 
(2) Average gOld fineness may, in different ore shoots lying 
within the same ore body, show considerable differences. 
(3) Production data indicate, in many cases, that the 
average fineness of an ore body varies only slightly but closer 
examination rna~ reveal that the composition of the constituent 
gold grains is very variable. This feature is due to a 
process of 'averaging-out' of fineness values which takes place 
during the recovery of an output from substantial t onnages of 
ore, while such averaging- out is less effective in the case of 
small specimens of or e . 
(4) Microsc opic examination r eveal s that the silver ccntent 
I 
of gold gr-ains varies widely in some deposits, in grains of 
gold which may lie less than 1 mm apart. 
(5) In the hypothermal or es which have been studied, there 
is little definite evidence t o suggest that gol d grains pave 
a zonal structure. Each gold grain appear~ t o be uniform in 
composition. It i s probable that, at the tioe of deposition, 
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a sonal structure existed, but that this has been destroyed by 
diffusion taking place over a long period of time.. According-
ly, adjacent grains may now contain different proportions of 
silver, although each is homogeneous. 
(6) An exar.ination of a typical gol d belt in Southern 
Rhodesia failed to reveal any zonal distribution of fineness 
values in the area. No evidence was found to suggest that the 
nature of the country rock in which a deposit occurs, or the 
distance of a deposit from the contact between the schist belt 
and the intrusive grani te , have any influence on the fineness 
of the gold deposited. It does appear, however, that where 
the deposits in any particular group are very similar with 
r egar d t o the type of mineralization, the finene ss of the gold 
contained in them varies far less than i n groups of deposits 
where the diversity of mineral species is great. 
(7) In most of the deposits which have been studied, there 
exists a definite relationship between the fineness of r ecover-
ed gold and t he grade of the ore. "\<There the grade of the ore 
is high, the fineness of the gold tends to be high, and where 
the gold fineness is low, the grade of the ore tends to be low, 
This relationship is best demonstrated by the production stat-
istics where the average grade and the average finenes s vary 
between wide limits , but it may also be demonstrated by the 
assaying of samples of t he ore. Sampling may est ablish the 
presence of small pockets of ore cont aining gol d of exceptional 
purity, although t he value of the sample might not necessarily 
be high. The examination of sampl es of concentrates f r om the 
ores indicates that, in those Souther n Rhodesian deposit9, the 
variati ons in apparent finen~ss, determined by assaying, are 
due primar¢ily to the variations in the composition of the con-
stituent gold grains rather than to gold or silver occurring in 
other mineralogical forms . · 
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(8) Apparent fineness values vary sharply, in these ores, 
over distances of only a few feet, and the variations are 
neither regular nor predictable . 
(9) Although hypothermal deposits are normally characterized 
by the presence of gold with a relatively low silver content, 
sooe contain gold which is relatively rich in silver, although 
the mineral assemblage indicates deposition at high temperatures. 
It is concluded that temperature is not the most important 
factor controlling the fineness of the gold deposited. The 
fact that nany epithermal deposits, in which ther e is no paucity 
of silver, ~y contain gold of noderately high fineness supports 
this view. 
(10) While the average fineness of the gold particles r.Ja.Y 
increase with increasing depth in sone deposits, it nay decrease 
in others. Thera is no general rule. 
(11) While the fineness of gold increases with particle size 
in sone deposits , it may decrease in others. There is no gen-
eral rule, although it has been found, in all the cases which 
the writer has studied, that coarse-grained gold tends to be 
silver-rich and fine-grained gold, in the same deposit, is purer. 
(12) The detailed study of textural relationships shown 
between gold and other nineral s indicates that it !!laY crystal-
lize in company with a number of other ore minerals i.e ., it is 
not confined t o any one stage in the paragenesis of or e minerals. 
The evidence indicates that that gold which crystallizes early 
in the par agenetic sequence contains more silver than that 
which crystallizes in the final stages of ore deposition, It 
was found that in those deposits where the gold fineness is nost 
vari abl e , the crystallization of the gold extended from early 
in the paragenesis t o l at e, wher eas in those deposits where 
gold fineness tends to be almost constant, the period of cryst-
•,tlli zation of gold, relative t o other ore minerals, is very 
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short and the mineralogy of the ore is likely to be siople • 
Similarly, 'free' gold in ores tends to be purer than gold en-
trapped within sulphides, for gold of the latter type is fre-
quently of relatively early crystallization. 
(13) ~Vhile detailed nineragraphic work on so4e Southern 
Rhodesian deposits has indicated a relationship between the 
p~ity of gold grains and their age, as indicated above, a 
survey of available literature indicates that, in general, gold 
which is closely associated with minerals such as pyrrhotite, 
chalcopyrite and ~phalerite, which separate fairly earl~ in the 
sequence of crystallization, is very coomonly rich in silver. 
n 
Gold t.Yhich is iJlfuimately associated with l ate .I!linerals such 
as tellurides, native netals or oxides, is very cor.1lilonly ex-
ceedingly pure. Gold which occurs intergrown with galena, 
which lies between these two groups of r.linerals in the paragen-
esis, may be either silver-rich or silver-poor. 
(14) From what literature is available on the subject, it 
appears that sinilar r elationships between the fineness of 
gold, the tenor of the ore body and the position in the paragen-
esis, of gold, exist in deposits in other countries . 
(15) In the hypothermal deposits which have here been stud-
ied, the increase in the gold fineness with the progress o£ 
ore deposition is held to be due to an increase in the solubil-
ity of silver in the ore-depositing fluids in the late stages. 
It is believed that while gold continues to be precipitated 
until the very l atest stages of Qetallization, silver shows 
an increasing tendency to rerua.in in solution and to be swept 
further from the ul ti~te source in the latest stages. As a 
result, 1late 1 gold is constrained to increase in purity, 
This is probably one of the chief reasons why gold in hypother-
mal ores is of high fineness, for the bulk of hypothermal gold 
· is generally precipitated after most other ore minerals have 
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ceased to crystalli2e. The evidenc~ which has been gathered 
suggests, further, that where hypothermal deposits contain 
gold which is alloyed with a relatively high proportion of sil-
ver, an uncommonly large amount of gold was precipitated at a 
relatively early stage, Thet is, the bulk of the gold may be 
found to be of the same age ns pyrrhotite, chalcopyrite, 
sphalerite or even galena . 
(16) The downward increase in average gold fineness in some 
deposits, and the downward decrease in others is held to be 
due to alight changes in the age of the gold, relative to other 
ore minerals, at different levels. Acceptance of this principle 
makes it unnecessary t o invoke cooplex and improbable variations 
in temperature at different l evels to account for the inconsis-
tent variation in fineness in different deposits, 
(17) The relationship which exists between fineness and tenor 
in ore bodies is, in all probability, the r esult of variations 
in the permeability of the ore channel during deposition of the 
ore. Where the ore channel becane filled with gangue and ore 
minerals at a relatively early stage, fluids would have been pre-
vented from circulating during the l ate stages, and the bulk of 
the gold in these sections would be 1 early 1 gold, and, according 
to the conclusions which have been drawn, it would be rel~tively 
rich in silver. Where, however, deposition of gol d continued 
unhindered to a late stage , by virtue of the presence of open-
ings in the ore channel, or as a result of brecciation or frac-
turing, gold would be deposited in greatest amount )and1 a large 
proportion of it being 1l ate1 gold, its silver content would be 
low. As a result, rich ore shoots should contain gold which 
has less silv~r than that which occurs in medi~ or low-grade 
ore. · On a smaller scale, the variability of fineness and 
apparent fineness at closely spaced points along the strike of 
the ore body can be ascribed to the saoe oechanism. 
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(18) As a final conclusion, it may be inferred that the char-
acteristic differences in gold fineness in the hypothermal, 
mesothermal and epither mal deposits cannot be attributed wholly 
to differences in the temperatures at which deposition occurs. 
While i t is possible that temperature is not an unimportant 
factor, differences in the chemical attributes of the ore-dep-
ositing fluids and, in particular, differences in tho paragen-
etic relationships of gold, should be given equal prominence in 
any attempt to explain the. differences in gold fineness. 
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APPLICATIONS OF INVESTIGATION 
Al though this investigation has been one of purely scien-
tific interest, some practical aspects could l:?e turned to 
advantage. It is suggested that the incorporation of fineness 
data in mill records would in many cases be of value, and that 
mine and ore evaluation should take into consideration variations 
in the character of the gold, Some aspects night be of import-
ance in the controversy regarding the origin of the Witwaters-
rand gold. 
In Chapter IV, the analysis of the Olyopus r.une null 
records illustrated that the fineness of gold varied in differ-
ent sections of the workings, and that the average fineness of 
the gold recovered by amal gamation gave an indication of the 
proportions of gold contributed by each section. Also, fine-
ness was found to be intinately related t o the grade of the ore 
r ecovered. 
Detailed records, for those Dines in which these r elation-
ships obtain, could be of invaluable assistance for periodic 
checks on the efficiency of grade-control or of sorting~ in that 
the incorporation of excessive amounts of low-grade or waste 
ore should be r efl ected in conspicuously low fineness values 
for the corresponding period. It is an aspect which could 
well repay further detailed research. 
A problem which continUally faces exploration conpan~ 
i es engaged in the purchase and development of partially de-
veloped deposits is that which concer ns the depth- persistence 
of the ore bodies. Clearly, the purchase price is a function 
of the anticipated return from exploitation, but there i s 
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frequently no guide whatever to assi st i n assessing possible 
continuity below levels already developed. While the writer 
has but little data on which to draw, it does appear that fine-
ness variations might sonetimes provide a hint, when often 
little mor e than a hint will serve to influence a final decision . 
It appears that, in many cases, the bottoming of a rich 
ore shoot is heralded by a dr op in the average fineness of 
the gold. Thus, in the Lonely mine, the valuable ore body 
was characterized by r ather uniform fineness values for some-
thing like 2,000 f eet fDom surface, but, with the appearance of 
silver in notable quantiti es, the ore body failed. The 
Olympus mine was characterized by highly variable fineness 
values, and did not repay exploitation below the 6th level. 
The Lone Hand mine , which was sampled on the lOth l evel , showed 
great fluctuation in gol d fineness. The reef is r eported t o 
be less r obust in mor e r ecent levels which have been opened 
up below. The M3.kanga mine failed when the fineness dropped 
sharply. 
Conversely, the Blanket 1A1 mine, which can be expected 
t o show persi stence to gr eat depth, judging f.ron the dimensions 
of the ore body exposed in the shallow workings , shows hardly 
any variation in t he silver content of the free gold. 
Deductions based on these considerations should be drawn 
only with the greatest circumspection. Some ore bodies 
a?pear t o show variations in fineness throughout their entire 
vertical extent, in which case the arguments do not apply. 
They apply only wher e an abrupt change in the average fineness 
i s evident, forecasting zonal change in the character of the 
mineralization. It should also be r emembered that the South-
ern Rhodesian deposits formed at great depths, and have~ 
only 
been expos.edJ\by pr olonged erosion . They do not correspond 
to deposits which cluster around granite cupolas. 
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(c) ~e Occ~e of Gold in Ancient Sediments of the Transval'll 
It would not be out of place to conclude with some 
remarks on the character of the gold in the ancient sediment s 
of the ~fi twatersrand and Transvaal Syster.1s. While the writer 
has had but little personal contact with these deposits, it is 
scarcely a disadvantage in these times when so many accounts 
by skilled research workers are in print. The nore interest-
ing aspects of the variations in the composition of the gold 
are discussed bel ow. 
(i) Ave~Silver Conten~ 
The authoritative account by Prentice (1940) estab-
lished that the average silver content of Witwatersrand ore 
is 9.64 per cent of the gold content, but that this value var-
ies from 8. 3 to 11.8 per cent. Graton (1930, p.l32) consider-
ed that the Witwatersrand gold 11 i s fairly pure gold as average 
placer gold goes11 • Liebenberg (1955, p.205) considered that 
11 the general low silver-content may thus be an additional 
feature suggesting a detrital origin for the gold11 , Davidson 
(1956, p .ll8), hovrever, took the opposite view, st ating that 
11 the Rand bullion uniformly contains around 10 per cent silver. 
This is much greater than is comnonly found in placer gold ••• 11 
If the Gwanda gold belt, in so far as it is a typical 
occurrence of Pri~tive rocks mineralized by Old Granite, be 
assumed to be similar in character to that source which, under 
the placer hypothesis, yielded gold t o the Witwatersrand sedi-
mentsJ Liebenberg 1s argument loses some of its force . Compared 
with the Gwanda gold belt, the average Witwatersrand gold is 
not silver- poor. 55 per cent of the producers in the Gwanda 
area have produced gold whose upper limit of fineness is above 
930, the upper limit for amalgam gol d indicated by Prentice 
(1940) for the Witwatersrand. 
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(ii) Gr~n_Si~ 
!t seems fairly well established that the purity of 
gold grains increases with size in the Witwatersrand deposits. 
Young (1917, p.77) referred to this fact as far back as 1917, 
and Prenticers work (loc. cit., pp. 27, 33) confirmed the 
statement. 
It does not seem likely that any usefUl conclusions can 
be drawn from this fact, for it has been shown on foregoing 
pages that the purity of hydrothermal gold may either increase 
or decrease with increasing particle size. It is certain, 
however, that the increase in purity with the increase in 
particle size i s the reverse of what is normally encountered 
in placer deposits which have not suff ered redistribution of 
their gold values. (Graton, 1930, p.l32; Davidson, 1956, p. 
118). 
(iii) Eineness in Relation to Grade 
Prentice (loc. cit., p.32) demonstrated most con-
vincingly that a correlation exi.sts between the grade of the 
Witwatersrand reefs and the silver content of the ore,; Where 
the grade recovered is high, the silver content is low; this 
he attributed to a high content of relatively pure free gold 
in the high-grade samples. Earlier work by Lawn (1924) 
suggested the same correlation betvmen fineness and tenor, 
although Cousins (1956, p,l09) has denied that this is the 
case . Dat a given by Richardson (1940, p.40) suggest that the 
same r el at ionship might prevail in the case of the Black Reef 
deposits , for the percentage of silver in the as say beads 
var i es f r om 15.9 per cent i n low-grade samples t o 11.6 per 
cent in rich samples . 
An i ncrease in the fin eness of gold in high-grade ore has 
been shown ·· on previ ous pages t o be char acteri stic of some 
hydrothermal deposits, and i t is probable t hat further work 
will show that i t i s a common f eature . The relationship can 
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logically be explained in the case of hydrothermal deposits, 
but it would seem that the modified placer hypothesis, as 
interpreted by Ramdohr, does not fully explain the cause of 
this relationship in the case of the Witwatersrand and Black 
-ea 
Reef sediments. Ramdohr (1958, pp. 34, 46) considerfi that 
the solution and r•deposition of the gold did not involve 
transport. over distances greater than fractions of an inch. 
If this is so, it becomes necessary to explain why the original 
placer gold should have been of exceptional purity in those 
sections where it was deposited in particUlar abundance. 
(iv) ~lack Reef Gold compared with W~twatersrand Gold 
From what data are avaihble, the silver content of 
Black Reef ore appears to be greater than that in the older 
Witwatersrand ores. Frankel (1939, p.ll6 ) stated that free 
gold, separated from concentrates from the New Machavie mine 
in the Klerksdorp area, assayed 920 fine, but that 40 per cent 
of the gold is in the form of rounded and irregular grains 
and veinlets in the pyrite , which averages 30-35 dwt./ton • 
.Ass<.tYS of individual specimens showed that even in rich con-
centrates containing up to 80 ounces of gold to the ton, the 
value 1000 .Au/ (Au + Ag) falls as low as 790, and, in low-grade 
samples, this value approaches 500- Gilfillan (1939, p.l27) 
stated that in Machavie mine ore the average for 12 months' 
sampling showed a ratio of Au:Ag of 7.55:1 (i.e., apparent 
nneness of 883); the average r atio in the corduroy concen-
trat es was 8.90:1 (apparent fineness 898) and the mill bullion 
aver aged 8.45 :1 (894 f i ne ). Richardson (1940) st at ed that 
the Black Reef at Gover nment Gol d Mining .Areas 11 contains an 
appreci ably higher percentage of silver than the Mlin Reef 
Leader ." The average of sampl es of the Black Reef i ndicat ed 
u. silver· percentage of 13.2 to 13.9 per cent. 
These figures indi cate a gr eat er silver content in the 
Black Reef than in the Wi twat ersrand ores. If tho Black 
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Reef represents an ancient placer deposit formed by erosion 
of the Witwatersrand System, as advocated by Jeppe (1940, p. 
265), Frankel (1940) and others, rather than a placer deposit 
on which hydrothermal mineralization has left its mark (Swieg-
ers, 1938, 1939), the facts require explanatiQn. 
( v) illver-rich Gold in ;e:r:ri te 
The occurrence, as inclusions in pyrite, of gold which 
is richer in silver than typical Witwatersrand gold, has been 
commented on by different writers (Prentice, 1940; Liebenberg, 
1955, p.l6o; Ramdohr, 1958, pp. 35, 46). The same feature is 
exhibited by the Black Reef ores (Frankel, 1939, 1940; Lieben-
berg, 1955, p.l66). 
While Ramdohr has used the occurrence of this pale gold 
-t 
in pyrite as contributory evidence in support of the detrifal 
origin of pyrite in the r eefs, it should be noted that silver-
rich gold may occur in pyrite, and silver-poor gold as discrete 
grains, in ores whose hydrothermal origin is beyond question. 
In conclusion, it may be said that in spite of the wide 
support which the modified placer hypothesis enjoys, there are 
certain aspects concerning the composition of the gold which 
are not yet fully explained . This conclusion need not be 
interpreted to imply the writer 1s personal r e jection of the 
placer hypothesis, but r ather as a summary of certain weakness-
es which call for furthci' attention. This task can best be 
accomplished by those better acquainted than the writer with 
the Witwatersrand ores. 
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..!J:PENDI.X I 
Not~s on the Pr~~tiog_g£ Polished Surfaces 
The most important aspect of the work leading to this 
paper Wa$ the microscopic study of polished surfaces of ore 
specimens. As gold is generally present, in all but the rich-
est specimens, in only very minor amounts and then usually as 
minute grains, it was imperative that the polished surfaces 
should be good enough to permit the stu~ of gold grains as 
small as 1-2 microns in diameter. Since most inter est centred 
around the occurrence in the ore of gold, which is a rele.tive-
ly soft mineral, generally occurring embended in hard minerals 
such as quartz, pyrite or arsenopyrite, the technique had to 
be such that a fine degree of polish could be achieved on hard 
and soft minerals alike without the nature of the contacts 
between them becoming obscured by excessive relief. 
When the work was first started, the surfaces were pre-
pared by grinding first on steel plates with graded carborund-
um abrasives and finishing on a lap, driven at 1400 revolutions 
per minute, covered with cloth smeared with 30-minute emery. 
Final burnishing was effected with jewellers 1 rouge, Results, 
using this method, were never entirely satisfactory due to 
excessive relief between hard and soft minerals and imperfect 
polish of hard minerals such as pyrite. The discolouration 
produced by the j ewellers ' rouge was also found to be objection-
abl e. 
With the acquisition of a Cooke, Troughton and Simms Ore 
Polishing Machine, a great improvement in the quality of the 
polished surfaces was ef fected , After experimenting wi th a 
number of different methods , the procedure which is described 
below was adopted. 
The ore specimen is cut with a diamond saw so that the 
surface to be poli shed is a littl e l ess than an inch squar e . 
The edges of the specimen are then bevelled at an angle of 45 
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degrees to a depth of about one-eighth of an inch. All 
sharp edges on the back and sides of the specimen should also 
be ground smooth so that there is no possibility of material 
breaking away from the specimen and falling on to tho laps in 
the later stages. The surface is then ground for as long as 
necessary (usually 3-4 minutes) on a cast-iron lap rotating 
at about 300 np.m., using a stiff paste of 3F carborundum and 
a little water. At no stage should the paste be mixed with 
an excess of water, or excessive relief between hard and soft 
minerals will be produced at the st art. The principles of 
cutting to a level surface with such an ' abrasive film' have 
been described by Fuller (1941) and the adoption of this t ech-
nique cannot be too strongly recommended. When the ground 
f ace lli~s taken on a smooth, matt surface , it i s thoroughly 
scrubbed and washed. 
The specimen is now ground by hand on a glass plat e f or 
10-15 minutes with l evigated alumina mixed, again, with a 
rninimura amount of water. Grinding i s continued until all 
pits and scratches from the previous stages have been removed 
and the contacts between sulphides and quartz are sharply 
defined under the microscope. This stage is perhaps more 
important than any other and the quality of the final surface 
depends l ar gely on the thoroughness with which this operation 
is carried out. It has been found that polishing can be 
started at this stage by holding the glass pl ate under a 
running tap for about one second - t his washes off the 
coarser abrasive and l eaves only a very fine- grained milky 
r esidue - and poli shing for a further 5 minutes . The hard 
minerals l ike pyrite will take on a partial polish at this 
stage. 
Cutting and pol ishing is nmr continued on l ead l aps 
rotating at 300 r.p.m~ using, firstl y, 8-nicron dianond 
paste and sewing-~chine oil as a lubricant, and t hen 3-
nucr on diamond paste . The specinen can be cleaned with 
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small cloth strips soaked in carbon tetrachloride. This 
stage imparts an almost perfect polish to the hard ninerals 
pyrite and quartz. If the l ap is kept in operation for 
10-15 minutes without further dressing with fresh abrasive, 
the dianond particles ultimately become so deeply enbedded in 
the lead and the cutting action so slow that hard and soft 
minerals alike acquire a brilliant polish, and little further 
treatoent is required. Normally,. however, the specinen is 
given a further burnishing on high-speed laps covered with 
finest quality poplin, lightly soeared with 2-micron and 
t-~cron diamond pastes. The duration of polishing in each 
of the l atter stages should be 15-90 seconds. If very soft 
minerals are also present, a final polishing with magnesium 
oxide and water is desirable . 
In practice, a good surface requires 3-4 hours for prep-
aration by this method . It is possible t o prepare a polish-
ed surface in about 30 minutes by omitting the lead lapping 
and polishing only with S-micron, 2-micron and i-micron 
diamond pastes on cloth. However, it is impossible t o avoid 
the development of objectionable relief between minerals such 
as galena and pyrite by this method. 
For the preparation of polished surfaces of mineral con-
centrates, smalJ. cylinders were first prepared by Boulding 
the concentrates, in some suitable cement, in short l engths of 
i-inch bore glass tubing, One end of the cylinder is then 
polished, fir st on a solid nylon l ap smeared with i-micron 
diamond abrasive paste, and then on cloth laps . Various 
cements were tried, such as dental cements, nagnesium oxy-
chloride, catalyzed phenol f oroaldehyde r esins, car.ada balsam 
and Lakeside 70 r esin . None va.s folm.d t o be wholly sat is-
factory, although the last- named gave the best r esult s . 
-------. -·-
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